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1. OVERVIEW OF THE ASSESSMENT
 
This report, consisting of ten volumes, represents the
 
results of the SEASAT Economic Assessment, as completed through
 
August 31, 1975. The individual volumes in this report are:
 
Volume I - Summary and Conclusions 
Volume I1 - The SEASAT System Description and 
Performance 
Volume III - Offshore Oil and Natural Gas Industry -
Case Study and Generalization 
Volume IV - Ocean Mining - Case Study and Generali­
zation 
Volume V - Coastal Zones - Case Study and Generali­
zation 
Volume VI - Arctic Operations - Case Study and 
Generalization 
Volume VII - Marine Transportation - Case Study and 
Generalization 
Volume VIII - Ocean Fishing - Case Study and Generali­
zation 
Volume iX - Ports and Harbors - Case Study and Gen­
eralization 
Volume X - A Program for the Evaluation of Opera­
tional SEASAT System Costs. 
Each volume is self-contained and fully documents the
 
results in the study area corresponding to the title. Table 1.1
 
describes the content of each volume to aid readers in the selec­
tion of material that is of specific interest.
 
The SEASAT Economic Assessment began during Fiscal
 
Year 1975. The objectives of the preliminary economic assess­
ment, conducted during Fiscal Year 1975, were to identify
 
the uses and users of the data that could be produced by an
 
operational SEASAT system and to provide preliminary estimates
 
* 
of the benefits produced by the applications of this data.
 
SEASAT Economic Assessment, ECON, Inc., October 1974.
 
iable 1.1: Content and Organization of the Final Report 
Volume No. Title Content 
I Summary and Conclusions A summary of benefits 
major findings of the 
and costs, and 
assessment. 
a statement of the 
TI The SEASAT System 
Description and Per-
forinance 
A discussion of user requirements, and the system concepLs 
to satiafy these requirements are presented along with a 
preliminary analysis of the costs of those systems. A 
description of the plan for the SEASAT data utility studies 
and a discussion of the preliminary results of the simula­
tion expLriments conducted with the objective of quantifying 
the effects of SEASAT data on numerical forecasting. 
III Offahore Oil and 
Natural Gas Industry-
Case Study aud Goner-
a Lza ton 
The results of case studies which investigate the effects of 
forecast accuracy oh offshore operations in the North Sea, 
the Cc] tic Sea, and the Gulf of Mexico are reported. A 
methodology for generalizing tile results to other geographic 
regions of offshore oil and natural gas exploration and de­
velopilien t is described along with an estimate of the world­
wide benefits. 
IV Ocean Mining - Caso 
Study and General-
izatiOt3 
The results of a study of the weather sensitive features of 
the near short and deep water ocean min ng industries are 
described. Problems with the evaluation of economic benefits 
for the deep water ocean mining industry are attributed to 
tie relative Immaturity and highly proprietary nature of the 
i'ndus try. 
I'abol I.i CoitonL 
Volume lo. Title 
V CoatIa Zones - Case 
StLudy and General-
.zaLion 
Vi ArCLIt 
Study 
Operatlons - Case 
and Ge(0 eaizatlon 
vs Marine frensportation-
Case Study and Geeral-
.zation 
VIII ocean Fishbng - Case 
Study and Generall-
stoa 
19 Ports 
Study 
aind 
and 
114rbors - Case 
General izatton 
A Program for the Evalu-
ation Of Operational 
SnASAT Sytema Costs 
and Organization of the Final Poport 
(on Li nid) 
Content
 
The study and qonoralizaliOn deal with the economic losses 
sustained in the U.S. coastal zones for the purpo90 of 
quaLtitLatavely entablishing economic banofits as A sonse­
qjunce of improving the prod cLive quality of destrucltive 
phenonaa in U.S. coastal zones. Improved prediction of 
hurricane landfall and Improved espelimental knowledge of 
hurricane seeding are discuqsed. 
The ,ypothotical development ard trannportatior Of Arctic 
oil and oihQ roqsorcos by ivo breakinq siper tanker to 
the continelval East Coast ae dlscu sed. SEASAT data will 
eontrihto to A more offective transportation operation 
thro..gh Lio Arctic ieo by rocoait ransportation costs as 
a oonsOq"0nc of reducod transit Lima per voya'o 
A discuss.on of Lime ease studies of the potontial tiue of 
SCASAT ocean condition daLa in the improved routing of dry 
cargo ships and tankers. neutLing forecasLs could be 
useful In routing ships around storms, thereby reducing 
adverse weather damage, time loss, rotated opeiaLions costs, 
and occasional catastrophic losses. 
The potential application of STASAT data with regard to 
ocean fisheries is discussed in this case study. Tracking 
fish populations, indirect assistance in forecasting expected 
popuilation. ad Lsistanroto fishing fleets in avoiding 
cosLs incurred due to adverse weather through improved ocean 
conditions forecasts were investigated.
 
The case study and generalization quantify benefits made
 
possible through improved weather forecasting resulting
 
from the integration of SCASAP datn ito local weather 
forecasts. The major source of avoidable economic losses 
from inadequa te weat .r forecasting data was shown to be 
depoedent or local precipitation forocactng. 
A dicussion of the SATb 2 Program wheh was developed to 
alssit in tie ovanlathon of the COsts Of opera ional SCASAT 
system aIterna tiven. SATI, I ezablcs the a.ssessment of the 
effects of opgrationai requtroemLts, velability, and tLma­
phiased cosLs of afLernatLve approaches. 
A
 
The preliminary economic assessment identified large potential
 
benefits from the use of SEASAT-produced data in the areas of
 
Arctic operations, marine transportation and offshore oil and
 
natural gas exploration and development.
 
During Fiscal Year 1976, the effort was directed toward
 
the confirmation of the benefit estimates in the three previously
 
identified major areas of use of SEASAT data, as well as the esti­
mation of benefits in additional application areas. The confir­
mation of the benefit estimates in the three major areas of appli­
cation was accomplished by increasing both the extent of user
 
involvement and the depth of each of the studies. Upon completion
 
of this process of estimation, we have concluded that substantial,
 
firm benefits from the use of operational SEASAT data can be ob­
tained in areas that are extensions of current operations such as
 
marine transportation and offshore oil and natural gas exploration
 
and development. Very large potential benefits from the use of
 
SEASAT data are possible in an area of operations that is now
 
in the planning or conceptual stage, namely the transportation
 
of oil, natural gas and other resources by surface ship in the
 
Arctic regions. In this case, the benefits are dependent upon
 
the rate of development of the resources that are believed to be
 
in the Arctic regions, and also dependent upon the choice of sur­
face transportation over pipelines as the means of moving these
 
resources to the lower latitudes. Our studies have also identi­
fied that large potential benefits may be possible from the use
 
of SEASAT data in support of ocean fishing operations. However,
 
in this case, the size of the sustainable yield of the ocean
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remains an unanswered question; thus, a conservative viewpoint
 
concerning the size of the benefit should be adopted until the
 
process of biological replenishment is more completely understood.
 
With the completion of this second year of the SEASAT
 
Economic Assessment, we conclude that the cumulative gross bene­
fits that may be obtained through the use of data from an opera­
tional SEASAT system, to provide improved ocean condition and
 
weather forecasts is in the range of $859 million to $2,709
 
million ($1975 at a 10 percent discount rate) from civilian
 
activities. These are gross benefits that are attributable
 
exclusively to the use of SEASAT data products and do not in­
clude potential benefits from other possible sources of weather
 
and ocean forecasting that may occur in the same period of time.
 
The economic benefits to U.S. military activities from an oper­
ational SEASAT system are not included in these estimates. A
 
separate study of U.S. Navy applications has been conducted
 
under the sponsorship of the Navy Environmental Remote Sensing
 
Coordinating and Advisory Committee. The purpose of this Navy
 
study was to determine the stringency of satellite oceanographic
 
measurements necessary to achieve improvements in military mis­
sion effectiveness in areas where benefits are known to exist.
 
It is currently plznned that the Navy will use SEASAT-A data to
 
quantify benefits in military applications areas. A one-time
 
military benefit of approximately $30 million will be obtained
 
"Specifications of Stringency of 
Satellite Oceanographic
 
Measurements for Improvement of Navy Mission Effective­
ness." (Draft Report.) Navy Remote Sensing Coordinating
 
and Advisory Committee, May 1975.
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by SEASAT-A, by providing a measurement capability in support
 
of the Department of Defense Mapping, Charting and Geodesy
 
Program.
 
Preliminary estimates have been made of the costs of
 
an operational SEASAT program that would be capable of producing
 
the data needed to obtain these benefits. The hypothetical oper­
ational program used to model the costs of an operational SEASAT
 
system includes SEASAT-A, followed by a number of developmental
 
and operational demonstration flights, with full operational
 
capability commencing in 1985. The cost of the operational
 
SEASAT system through 2000 is estimated to be about $753 mil­
lion ($1975, 0 percent discount rate) which is the equivalent
 
of $272 million ($1975) at a 10 percent discount rate. it should
 
be noted that this cost does not include the costs of the program's
 
unique ground data handling equipment needed to process, dissem­
inate or utilize the information produced from SEASAT data.
 
Figures 1.1 and 1.2 illustrate the net cumulative SEASAT ex­
clusive benefit stream (benefits less costs) as a function of
 
the discount rate.
 
This volume describes the results of a case study
 
and its generalization concerning the economic benefits of im­
proved local weather forecasts to the dockside activities of
 
ships in ports and harbors.
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2. INTRODUCTION
 
In ports and harbors some services to shipping are
 
weather dependent. This weather dependence results in avoid­
able incremental costs directly to ship owners, the magnitude
 
of which is dependent on the quality of weather forecasting
 
of the specialized meteorological events associated with the
 
weather dependence.
 
A case study has been undertaken to determine the
 
avoidable costs and their weather dependence in the ports of
 
Philadelphia in 1974. The case study was then extended to the
 
eleven major U.S. ports specifically and to the 106 minor U.S.
 
ports generally.
 
The case study and its extension quantify the bene­
fits or savings of avoidable costs that are exclusive to the
 
integration of data collected by SEASAT and for appropriate
 
application of the improvements in normal weather forecasting
 
quality.
 
The investigation was further generalized to quantify
 
similar benefits for the time interval 1985-2000. This gener­
alization defined the growth of shipping arrivals in U.S. ports
 
in terms of proposed capital investment in port facilities.
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3. SUMMARY AND CONCLUSIONS
 
3.1 Summary
 
Consultation with the shipping fraternity in the
 
ports of Philadelphia clearly identified the major source of
 
avoidable economic losses from inadequate weather forecasting
 
knowledge, to be dependent on the local forecasting of the
 
occurrence of precipitation.
 
If no precipitation is predicted but precipitation
 
is observed then contracted longshore labor must be paid
 
guaranteed wages. If precipitation is predicted but no pre­
cipitation occurs then shipping is idled because service labor
 
is not available and nonproductive ship operating costs and
 
dockage fees must be paid.
 
Precipitation days, when it rained continuously be­
tween 8 a.m. and 12 noon, were identified for 1974 from data in
 
the ports of Philadelphia for breakbulk shipping. These days
 
were transformed into an annual avoidable labor loss from the
 
number of labor gangs called on the precipitation days and
 
from the rates charged for the labor by the stevedoring com­
panies. Labor related avoidance losses were then extended to
 
both container and dry bulk shipping.
 
The resulting estimated 1974 labor related avoidable
 
losses were in 1974 dollars:
 
From breakbulk shipping $ 900,000
 
From container shipping 73,800
 
From dry bulk shipping 34,200
 
$1,008,000
 
This was adjusted for any year by adding 
a range +31%.,-22%
 
based on relative annual precipitation climatology in Phila­
delphia. This loss is associated with the specific weather
 
prediction error (NP:P) where no precipitation is predicted
 
but precipitation is observed. A generalized expected eco­
nomic loss equation which incorporates the error (NP:P) and
 
the error (P:NP) was developed which is dependent upon ship
 
and port charges and, in particular, on the capability of
 
precipitation prediction of the 
event of concern to this
 
study.
 
The event of concern is that for which precipitation
 
is continuous from 8 a.m. to 12 noon, 
an event not predicted
 
under normal weather forecasting processes.
 
Based on normal weather forecasting, current success
 
and judgmental evaluations of the growth of this success with
 
time and the interrelation between normal forecasting and
 
forecasting of the 
event of interest, the following forecasting
 
success probabilities were deduced:
 
1974 event of interest success probability 
 0.35
 
1985 event of interest success probability 
 0.37
 
2000 event of interest success probability 0.375
 
Maximum event of interest success probability 0.46
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The maximum event of interest probability requires a normal
 
forecasting probability of unity. Normal forecasting is that
 
forecasting currently provided by the National Weather Service.
 
The incremental success probability of the event of
 
interest that could be contributed by SEASAT in the time inter­
val 1985-2000 was judgmentally estimated from the influence of
 
surface wind data (thought to be SEASAT's data major contribu­
tion) as 0.001. This is 20 percent of the event of interest
 
success probability increase between 1985 and 2000 and about
 
1 percent of the maximum increment between 1974 and the
 
maximum.
 
Insertion in the expected loss equation of these prob­
abilities and incremental probabilities results in the estima­
tion of benefits to the ports of Philadelphia from SEASAT and
 
from appropriate application of normal weather forecasting
 
capability. The benefits shown in Tables 3.1 and 3.2 are for
 
the years 1985-2000 and incorporate the growth in shipping
 
arrivals in the ports of Philadelphia by that time period.
 
The benefits combine both United States and foreign flag
 
vessels, the population being an undefined mix with daily
 
operating costs not less than $1,500 and not greater than
 
$10,000.
 
Philadelphia is one of eleven major U.S. ports. By
 
evaluating the recorded ship arrivals in 1974 at the remaining
 
ten major U.S. ports and the mean annual climatological pre­
cipitation of each relative to Philadelphia, the 1974 major
 
Table 3.1 Realizable Incremental Annual Benefit Exclusive to SEASAT 1985-2000
 
Ports of Philadelphia - Combining Breakbulk, Bulk and Container
 
Shipping U.S. and Foreign Flag.
 
Ship
 
Operating Ship Realizable Incremental Annual
 
Costs Berthing Benefit Range
 
S/day Status Exclusive to SEASAT ($)
 
10000 working 7,541 9,668 12,665
 
10000 idle 6,970 8,936 11,706
 
1500 working 3,169 4,060 5,319
 
1500 idle 2,582 3,310 4,336
 
The range quoted for benefits is a result of port climatology.
 
All benefits are in $1974.
 
Table 3.2 	 Annual Benefits from Appropriately Applied Weather
 
Forecasting. Ports of Philadelphia - Breakbulk,
 
Bulk, Container Shipping Combined U.S. and Foreign
 
Flag.
 
Ship 
1985 Operating Ship 
Maximum Annual Realizable Benefits Costs Berthing 
Benefit 1985 ($) 2000 $/day Status 
9,305,666 3,580,350 3,628,742 10000 working
 
8,934,376 3,305,617 3,350,406 10000 idle
 
4,075,509 1,507,870 1,528,802 1500 working
 
3,331,165 1,232,448 1,249,112 	 1500 idle
 
All benefits have a range +31%;-22% about quoted value based on port climatology.
 
All benefits are in $1974.
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port benefits were developed. These were expanded to include
 
the 106 minor ports by a simple multiplying factor based on
 
relative tonnages to give the 1974 national avoidable losses
 
and national benefits shown in Tables 3.3, 3.4 and 3.5. The
 
Philadelphia labor rate was assumed nationwide.
 
Shipping arrivals at each U.S. port are expected to
 
grow in magnitude and to change throughout shipping categories
 
by 1985-2000. In general ship tonnages are expected to increase
 
and ports will vigorously compete for container ship traffic
 
while technology will be a significant factor in containerizing
 
cargo and in handling cargo.
 
Growth in shipping arrivals and shifts in categories
 
of shipping was developed from published regional capital
 
spending on port facilities which it is estimated will have a
 
major influence on shipping handling capacity in 1985-2000.
 
Factors for port growth were then related to the activity and
 
results in the ports of Philadelphia in 1974.
 
The results of this generalization in time are shown
 
in Tables 3.6, 3.7 and 3.8. No attempt was made to generalize
 
this case study to the ports of the world.
 
The annual national benefits during the time period
 
1985-2000, as calculated, are distributed throughout the ports
 
and are accumulated from -different categories of shipping
 
according to percentages shown in Table 3.9. These percent­
ages pertain either to benefits exclusively from SEASAT or
 
from appropriate application of weather forecasting. The
 
Table 3-3 1974 National Annual Maximum Avoidable Losses from
 
Precipitation in Ports and Harbors
 
National 
Ship TYPE OF SHIPPING Total 
Daily Ship Annual 
Operating Berthing Breakbulk Dry Bulk Container Maximum 
Costs ($) Status $ $ $ $ 
10000 working 42,009,569 24,759,889 12,169,216 78,938,674
 
10000 idle 39,943,796 22,078,488' 11,082,308 73,104,542
 
1500 working 19,567,006 8,984,601 5,101,710 33,653,317
 
1500 idle 17,484,706 6,303,151 4,014,801 27,802,658
 
+42.42
 
Losses have a range -37.5% due to climatology.
 
U.S. and Foreign Flag.
 
Table 3.4 	 1974 Estimated National Annual Benefit from Appropriately
 
Applied Weather Forecasting, from all Sources, to Ports
 
and Harbors
 
Ship 	 TYPE OF SHIPPING National
 
Daily Ship Annual
 
Operating Berthing Breakbulk Dry Bulk Container Benefit
 
Costs C$) Status $ $ $ $
 
10000 working 15,539,348 9,161,895 4,504,225 29,206,468
 
10000 idle 14,775,221 8,169,680 4,101,930 27,046,831
 
1500 working 7,237,843 3,324,572 1,888,309 12,450,724
 
1500 idle 6,467,594 2,332,351 1,486,015 10,285,960
 
Assumptions
 
* 	 National Shipping Arrival Distribution for 1974
 
o 	 1985-2000 Weather Forecasting Capability
 
* 	 Implemented Weather Forecasting Quality for Use
 
in Ports and Harbors
 
* 	 U.S. and Foreign Flag
 
+42.4%
 
Benefits have a range +37.5% due to climatology.
 
-37.5%
 
Table 3.5 1974 Annual Benefits to Ports and Harbors Exclusive 
and Incremental to SEASAT Data Integration, 
Shp BREAK$ULK DRY (UJ.K CONTAINER 
Operating 
Costs 
Ship 
8erthing Phila National Philla National Phila National 
S/day Status $ $ $ 
10000 %tor~kng 3,418 41,966 2,509 24,724 609 12,101 
10000 idle 3,256 39,977 2,239 22,063 554 11,081 
1500 working 1,588 19,491 907 8,938 255 5,101 
1500 idle 1,413 17,349 636 6,267 200 4,000 
nang of
 
1974
 
National
 
Benefit $
 
49,204 88,871 112, 312
 
45,101 73,121 104,124
 
20,960 33,536 47,755
 
17,260 27,616 39,325
 
+42.4 %
 
associated range based on climatological precipitation of -37.%
Tho 1974 National Benefit has an 

U.S. and Foreign Flag.
 
c 
Table 3.6 	 1985-2000 National Annual Maximum Avoidable Losses
 
from Precipitation in Ports and Harbors
 
(U.S. and Foreign Flag)
 
National 
Ship TYPE OF SHIPPING Total 
Daily Ship Annual 
Operating Berthing Breakbulk Dry Bulk Container Maximum 
Costs ($) Status $ $ $ $ 
10000 working 74,319,096 33,642,192 25,505,953 133,467,241
 
10000 idle 70,664,538 29,998,804 23,227,857 123,891,199
 
1500 working 34,615,975 12,207,715 10,692,880 57,516,570
 
1500 idle 30,932,181 8,564,327 8,414,785 47,911,293
 
+42.4%
 
Losses have a range -37.5% due to port climatology.
 
$ are $1974.
 
Table 3.7 	 Estimated National Annual Benefit from Appropriately
 
Applied Weather Forecasting, from all Sources, to
 
Ports and Harbors (U.S. and Foreign Flag)
 
Ship TYPE OF SHIPPING National 
Daily Ship Annual 
Operating Berthing Breakbulk Dry Bulk Container Benefit 
Costs M) Status $ $ $ $ 
10000 working 27,489,106 12,451,015 9,440,856 49,380,977
 
10000 idle 26,137,365 11,102,595 8,597,645 45,837,605
 
1500 working 12,803,744 4,518,093 3,958,990 21,2,80,827
 
1500 idle 11,491,173 3,169,665 3,114,687 17,725,525
 
Benefits have a range 	+42.4% due to port climatology.
 
-37.5%
 
$ are $1974.
 
and Harbors Exclusive
Table 3.0 	 1985-2000 Annual National Benefit to Ports 
and Incremental to SEASAT Data IntegraLion. (U.S. and Foreign 
Flag)
 
Ship RSAKbULK J)i(Y BULK COr]TAINLR 
Rane ofOperat"ng Ship 
Costs Berthing Phila iatonal Phila National Phla j National National 
S/day StnLu$ 	 $ $ $ $ Benefit $
 
10000 working 2,418 714.243 2,509 33,513 609 25,531 83,354 133,3671 189,915 
10000 idle 3,256 70,724 2,239 29,978 554 23,225 77,454 123,927 176,472 
1500 working 1,588 34,492 907 12,144 255 10,690 35,829 57,327 81,634 
1500 dle 30,692 G1,413636 8,515 200 B,385 29,745 47,592 67,771 
+42.4% 
42.4%
 
Range den to port climatology variation,
National Benefit 
$ are $1974. 
Table 3.9 Allocation of 1985-2000 Annual Benefit from SEASAT or
 
Appropriate Weather Forecasting Amongst Ports
 
(operating costs $10,000/day, working status)
 
Port 

Philadelphia 

Boston 

New York/New Jersey 

Baltimore 

Hampton Roads 

Houston 

New Orleans 

San Francisco 

Los Angeles/Long Beach 

Seattle 

Portland 

Minor Ports 

Total 

SHIPPING TYPE BENEFIT 
Total 
Breakbulk Container Dry Bulk Benefit 
% % % % 
4.64 0.92 2.00 7.56 
0.68 0.99 0.23 1.90 
4.47 4.99 4.73 14.19 
4.06 2.75 3.01 9.82 
5.04 2.58 0.86 8.48 
5.41 0.90 3.96 10.27 
16.18 1.03 3.34 20.55 
2.56 0.20 1.,06 3.82 
2.13 0.48 0.37 2.98 
3'.31 1.86 0.90 6.07 
1.95 0.64 2.37 4.96 
5.24 1.80 2.36 9.40 
55.67 19.14 25.19 100.00 
3.2 
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percentages shown are for working ships and for daily operat­
ing costs of $10,000. Shipping with either different daily
 
operating costs or with different berthing status would
 
produce different percentage allocations of benefits. It can
 
be reasonably argued that increasing success in weather fore­
casting in ports and harbors will result in an effective
 
reduction of labor's wages. It is then also reasonable to
 
assume that labor will contractually seek to eliminate this
 
condition by requiring a fixed annual wage. Avoidable losses
 
to labor will then become unavoidable losses, with a consequent
 
reduction in benefits. The resulting adjustment to benefits
 
from SEASAT exclusively and from appropriately applied weather
 
forecasting are shown in Tables 3.10, 3.11 and 3.12.
 
Conclusions
 
The national realizable incremental annual benefit
 
exclusive to the integration of SEASAT derived data into the
 
weather forecasting process is quite modest. Its extreme
 
maximum value is $190,000 (1974) as shown in Table 3.8 of the
 
summary. Between January 1, 1985, the time when SEASAT will
 
become operational, and December 31, 2000, the end of the
 
planning horizon, the integrated undiscounted benefit is
 
$3,040.,000 (1974). The present value at January 1, 1975 of
 
this annual benefit at different discount rates is tabulated
 
below.
 
Discount rate 0% 5% 10% 15%
 
Present value ($ 1974) 3,040,000 1,210,699 557,137 233,757
 
Table 

Ship 

Operating 

Costs 

S/day 

10000 

10000 

1500 

1500 

Benefits have 

All benefits 
3.10 1974 SEASAT Exclusive National Benefits With Labor
 
Losses Excluded. (U.S. and Foreign Flag)
 
SHIPPING TYPE BENEFIT National 
Ship Annual 
Berthing Breakbulk Dry Bulk Container Benefit 
Status $ $ $ $ 
working 30,921 24,388 10,702 66,011 

idle 28,911 21,728 9,604 60,243 

working 8,481 8,603 4,910 21,994 

idle 6,247 5,932 3,979 16,158 

+42.4%
 
a range -37.5% based on ports climatology.
 
are in $1974. 
Benefit
 
%
 
Reduction
 
16.3
 
17.6
 
34.4
 
41.4
 
X, 
Table 3.11 	 1985-2000 SEASAT Exclusive National Benefits With Labor Loss
 
Excluded. (U.S. and Foreign Flag)
 
Ship SHIPPING TYPE BENEFIT National
 
Annual Benefit
Operating Ship 

Costs Berthing Breakbulk Dry BuLk Container Benefit %
 
S/day Status $ $ $ $ Reduction
 
10000 working 54,702 33,136 22,432 110,270 17.32
 
10000 idle 51,148 29,522 20,129 100,799 18.67
 
1500 working 15,004 11,689 7,595 34,285 40.19
 
1500 idle 11,052 8,060 5,300 24,412 48.71
 
Benefits have 	a range based on ports climatology,

-37.5%
 
All benefits are in $1974. 
In 
Table 3.12 1985-2000 Estimated National Ann'ual Benefit from 
Appropriately Applied Weather Forecasting, With 
Labor Losses Excluded. (U.S. and Foreign Flag) 
Ship SHIPPING TYPE BENEFIT National 
Operating Ship Annual 
Costs Berthing Breakbulk Dry Bulk Container Benefit 
S/day Status $ $ $ 
10000 working 20,253,973 12,281,681 8,294,736 40,830,390 
10000 idle 18,902,542 10,933,835 7,451,579 37,287,956 
1500 working 5,569,629 4,348,665 2,812,863 12,731,157 
1500 idle 4,119,966 3,000,404 1,968,794 9,089,164 
Benefits have +42.4% a range -37.5% based on ports climatology. 
All benefits are in $1974. 
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The magnitude of the estimated benefit is directly related to
 
the small influence that SEASAT data is judged to have on the
 
general growth of the normal local weather forecasting proce­
dures and to the complexity of prediction of the meteorological
 
event of interest to this application. Should the judgmental
 
influences estimated prove to be in error, or should meteorologi­
cal factors other than surface wind measurements be significant,
 
then the expected benefits will change.
 
From Table 3.9 of the summary, the port of New Orleans
 
is allocated the maximum amount of national benefit at 
20.55 per­
cent. This port services at least 50 different shipping lines or
 
owners 
so that the expected benefit per shipping line from SEASAT
 
is negligibly small.
 
From Table 3.7, the estimated national maximum annual
 
benefit from appropriately applied weather forecasting, will
 
range about the estimated value of $49,380,977 ($1974), from
 
$30,863,111 ($1974) to $70,318,511 ($1974). Appropriately
 
applied weather forecasting requires the specific procedure to
 
apply the normally available meteorological data to the fore­
casting of the precipitation and the dissementation of the
 
resulting information to the ship owners. The information
 
can then be sufficiently reliable so that ship owners will
 
act upon it.
 
Working with the lower bound of the climatology
 
range or $30,863,111 ($1974) implies that the annual implemen­
tation and operating costs of this new forecasting system if
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a net benefit exists, in the pogt of Boston for example,
 
should not exceed $586,399 ($1974). In the port of New Orleans
 
the local forecasting system annual implementation and operating
 
costs should not exceed $6,342,369 ($1974). These quantitative
 
estimates identify therefore the incentives for the implementa­
tion and operation of local forecasting systems, specific to
 
this application.
 
Table 3.6 which tabulates the maximum benefits in
 
ports and harbors identifies the quantitative incentives for
 
eliminating the influence of precipitation forecasting in the
 
nation's ports and harbors. These are the incentives for the
 
construction of coverage in the loading and unloading areas of
 
the nation's port and harbors.
 
Working again with the lower bound of the climatologi­
cal range or $83,417,026 per annum, the annual costs for such
 
protective coverage in the port of Boston should not exceed
 
$1,584,923 ($1974) while in the port of New Orleans similar
 
annual costs should not exceed $17,142,199 ($1974). With this
 
protective coverage labor would not be prevented by precipita­
tion from working every day, and therefore should not contrac­
tually seek precipitation compensation.
 
The case study and its generalization has demon­
strated that benefits exclusively from SEASAT to port and
 
harbor operations are likely to be extremely small. The study
 
results further demonstrate the economic incentives in each
 
major U.S. port to implement and operate a precipitation
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prediction system useful to shipping concerns in reducing
 
avoidable cost losses. In addition it demonstrates for each
 
port the economic incentives for protecting against precipi­
tation in the loading/unloading areas of the port.
 
The avoidable cost loss savings or benefits from
 
improved weather forecasting result from cost loss savings for
 
nonproductive labor and from cost loss savings for ship oper­
ating and dockage costs. It is suggested that the labor related
 
cost savings will not really materialize because the union will
 
seek compensation to offset any resulting decrease in longshore
 
labor take home pay. If this occurs any described benefits will
 
be reduced as discussed on pages 147-150 of this report. The
 
remaining cost loss savings reduce the cost to the shipowners
 
for transferring cargoes, thus reducing overhead. This reduc­
tion could- be applied to a reduction in shipping costs for goods
 
moved domestically and in the import-export trade. This por­
tion of the avoidable cost savings would then be a social
 
benefit, small in magnitude.
 
4.1 
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4. PORTS AND HARBORS CASE STUDY
 
Introduction and General Discussion
 
4.1.1 Introduction
 
Activities and operations of shipping are frequently
 
disrupted by weather and sea state conditions prevailing in
 
a port.
 
In general, the disruptions interrupt the orderly
 
integrated working of the port and the port services so that,
 
as a consequence, an economic loss is sustained by ship owners.
 
In theory, these economic losses are a result of
 
inadequate prediction of local weather and sea state conditions
 
which SEASAT data, in its operational form, may be able to
 
alleviate. This alleviation, should it occur, will arise
 
because improved large area weather forecasting will be of
 
significance to local weather forecasting, a condition not
 
clearly identifiable because of the distinctive modeling
 
necessary to precise local weather forecasting.
 
In a well established commercial activity such as
 
shipping it is necessary to accept that practical forms of
 
optimization have been achieved by ship owners who construct
 
operations in keeping with their risk characteristics and
 
with their generalized interests. This is particularly true
 
today when a ship owner is very much directly involved with
 
the exercise of control of his ships. This implies that even
 
with perfect local weather forecasting a ship owner may continue
 
to operate as before for reasons that are not immediately
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apparent, because of his particular personality and commercial
 
interests. The objective of this case study is to identify,
 
however, those activities and operations of shipping in a port
 
which present opportunity for economic loss and to derive the
 
magnitude of this loss and the degree of loss saving that an
 
operational SEASAT may provide.
 
The case study investigation will concentrate on the
 
economic loss opportunities in one selected U.S. east coast
 
port, although, evidently, the case study quantification should
 
extend to all U.S. ports as an aggregate. The representative
 
port will be that of Philadelphia. All other major U.S. ports
 
will be categorized in terms of the ports of Philadelphia with
 
respect to shipping traffic and precipitation to generate
 
appropriate national economic losses.
 
4.1.2 General Discussion
 
4.1.2.1 The General Sources of Economic Losses
 
The ship owner either contracts or charters his
 
vessel to carry cargo from a port of origin to a port of
 
destination. Most generally, a vessel's cargo may be collected
 
from a sequence of ports,before the- vessel leaves its port of
 
clearance, and the cargo is delivered to a sequence of ports
 
after the vessel reaches its port of arrival.
 
Each port makes available a variety of services and
 
support which are indispensable to the transfer of cargo
 
between the vessel and the shore and to the 
sustenance and
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maintenance of the vessel itself. All such services are paid
 
for by the ship owner.
 
To be available to the ship at the proper time, most
 
services must be arranged and contracted for ahead of time by
 
the ship's agent. at the port. If then, for any reason, the
 
ship does not avail itself of the services contracted for, the
 
contracts must be honored, thus incurring an economic loss to
 
the ship owner.
 
For the port to function effectively for all shipping,
 
the port establishes operating rules to which ship owners and
 
consignees of cargo must adhere. If there is noncompliance to
 
thes'e rules for any reason, penalties are incurred which must
 
be payed for by either the shipper or the consignee. Penalty
 
payments are, therefore, also an economic loss.
 
Some of these economic losses can result from incle­
ment weather in the port, and it is these that SEASAT's data
 
contribution may specifically help to alleviate by appropriate
 
weather prediction.
 
Weather-associated economic losses will be discussed
 
as either delays or penalties. Delays will be classed as
 
either scheduling delays or ship service safety delays.
 
A scheduling delay results when a vessel does not
 
arrive at its scheduled time at its port of termination. The
 
vessel may then lose -its berth and all contracted services.
 
The services must then be paid for and the ship will spend
 
more time at anchorage, requiring nonproductive ship operating
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costs. Tire cost of the contracted services and the incremental
 
ship anchorage operating costs constitute the economic loss
 
from scheduling delay. Berthing is a problem when the demand
 
for berths in a port exceeds the supply of berths, a condition
 
that does not prevail in every port.
 
A service safety delay can result from inclement
 
weather in a port while the ship is on its way to berth or is
 
berthed. These delays are of three major types:
 
1. 	 Those resulting from service labor which berths
 
vessels, deciding that weather and sea condi­
tions make it unsafe to operate. The labor
 
involved is that of the pilots and tugboat
 
operators. The general safety problem is
 
then one of navigational constraint due to
 
fog, heavy seas, or unusual tides.
 
2. 	 Those resulting from service labor which trans­
fers cargo between ship and shore and from
 
service labor operating at the shore cargo
 
terminals. This particular labor force belongs
 
either to the International Longshoremen's
 
Association (ILA) and operates under the prac­
tical implementation of a negotiated agreement,
 
particularized to the port, or they are railroad
 
personnel for coal cargoes and roll on, roll
 
off, vessels.
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3. 	 Those resulting from risk averse decisions
 
taken by the ship's master or ship owners.
 
These decisions prevent cargo from being trans­
ferred from the ship to the pier or deny entry
 
to the vessel's hatches because the cargo is
 
susceptible to weather damage.
 
Penalties result from infringement of port operating
 
rules or from infringement of owner-charterer contracts. These
 
are various forms of demurrage, ship or wharf; cargo storage
 
costs, ground transportation costs, and dispatching or demurrage
 
between an owner and a charterer. Penalties are related to a
 
particular port through tariffs established in the port, or
 
they are determined by specific contractual arrangements for
 
each individual chartering agreement.
 
Scheduling delays, ship service safety delays or
 
detentions, and penalties appear to be the general sources of
 
potential economic loss to ship owners as a result of inadequate
 
weather predict-ion. The implication is that the currently
 
available weather prediction quality is not adequate for firm
 
decisions to be made by the ship owners or their representatives,
 
so that these economic losses can be reduced or eliminated.
 
4.1.2.2 Weather Prediction Requirements
 
The weather at a port must be predicted sufficiently
 
ahead of time and with an assured quality that ship owner action
 
could be expected to ensue. If ship owner action is to result,
 
the ship owner must be assured of a profitable return as a
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consequence of action resulting from the predictions, and the
 
ship owner must also have available alternate courses of action
 
which can still promise profit.
 
Prediction of weather at a port is a local weather
 
prediction process. In general, local weather vagaries require
 
a comprehensive local model interpreting the appropriate
 
topographic influences on the broad weather parameters (air
 
pressure, winds, temperature differences) and which incorporates
 
a time structuring. Currently, it is difficult to predict the
 
time of occurrence of weather phenomena accurately because of
 
dynamic energy transport modelling inadequacies. It is not
 
clear that SEASAT's global weather information, even provided
 
on a smaller grid, will appreciably influence the quality of
 
local weather prediction. That is, it is much more a question
 
of accurate local influence modelling than of data initializa­
tion, although accurate wind information seems to be beneficial.
 
Shipping is a constrained commerce. Cargoes are
 
contracted for at particular port locations and, for'the
 
contract to be fulfilled, a ship must enter the particular port
 
irrespective of the prevailing weather. Certain cargoes can
 
only be handled in certain ports, thus constraining options.
 
In addition, the tendency is to consider that a ship is being
 
properly utilized if it is in motion, in spite of the weather
 
particularly with the current trend to larger, more expensive
 
ships. To some unknown extent, shipping rates assume certain
 
weather delays in transit based on observational experience so
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that incremental profit is always a possibility, with associated
 
risk, if current inclement weather does not persist for the
 
duration of the ship transit.
 
Incremental improvement in local weather prediction
 
requires, therefore, careful association with the SEASAT
 
program technical objectives, and the benefits that can result
 
to the ship owners require careful selection if they are to
 
be realistic.
 
4.1.2.3 	The Values of the General Sources of
 
Economic Losses
 
The values of the economic losses are related to port
 
charges, labor charges, and ship operating costs. Port charges,
 
such as those for penalties or berthing, are established at each
 
port and depend on the cargoes involved. Labor charges are es­
tablished through contracts between labor unions and the users
 
of ports with intermediate organizations that control and
 
operate the labor and the equipment needed for moving cargo
 
on and off ships. Labor charges are defined, in the contract
 
according to cargoes involved. Ship owner or ship master
 
decisions concerning the activities relating to ship operations
 
are determined by the cargo susceptibility to weather damage'.
 
Actual economic loss potentials are, therefore,
 
influenced by the port being considered. New York, for example,
 
is a sea port, congested and somewhat difficult to navigate
 
within. Philadelphia is a river port, where a ship entering
 
Delaware 	Bay en route to the port still has a maximum of
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130 miles to go from entrance to the unloading port, offering
 
the observational benefit of elapsed time in the river that
 
does not prevail at non-river ports.
 
4.1.2.4 The General Nature of the Pertinent Data
 
The port operations and activities are generally quite
 
fractionated. Small organizations handle the shipping of
 
specific ship owners, developing capabilities to satisfy the
 
changing needs of their clients.
 
No organization appears to be strictly concerned with
 
the role of weather prediction in helping to reduce the eco­
nomic losses to their clients. Weather is lumped together
 
with all other problems such as labor disputes and equipment
 
breakdown in the port.
 
Because of the fractionation by organizations and
 
the lumping together of losses, it has been decided to seek to
 
generate measures for ports as a whole, wherever possible,
 
rather than for individual shipping lines. This approach
 
will minimize the amount of work required to itemize and
 
compile data.
 
The actual sources of weather related economic losses
 
to shippers have been determined in most instances through
 
discussion with the shippers themselves or with their agents.
 
Case Study Methodology
 
Data collected from the ports of Philadelphia will be
 
employed'to specifically quantify port economic losses and the
 
dependence of-those losses on weather prediction improvements.
 
4.2 
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The economic losses in these ports will be quantified for
 
different categories of shipping viz: - breakbulk, dry bulk,
 
and container shipping. Tankers are generally operated pri­
vately by the petroleum interests and losses are not, therefore,
 
explicitly quantifiable.
 
The economic losses in the ports of Philadelphia
 
will be used as a model from which the economic losses of the
 
remaining ten major U.S. ports will be quantitatively related
 
through climatological precipitation measures and shipping
 
traffic breakdowns. Precipitation and traffic breakdowns will
 
be used as multipliers of the model to determine national
 
losses. The eleven U.S. ports account for over 90 percent of
 
the ship arrivals in the United States. The arrivals in the
 
remaining 106 ports will be treated as a multiplication factor.
 
Weather prediction requirements as developed in the
 
case study will be determined and, from these requirements,
 
appropriate weather prediction capabilities will be estimated
 
as a function of time.
 
Port and harbor economic losses will then be allocated
 
to normal weather forecasting improvements and to the incremental
 
improvements provided by SEASAT data.
 
4.3 The Ports of Philadelphia
 
4.3.1 Introduction
 
The ports of Philadelphia, called Ameriport, are
 
shown in Figure 4.1 and are strung out along the Delaware River
 
at Wilmington, Marcus Hook, Chester, Paulsboro, Gloucester City,
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Camden, Philadelphia, Fairless and Trenton. Shipping entering
 
Delaware Bay at Cape Henlopen must travel 90 miles to the central
 
port of Philadelphia.
 
Numerous terminals, piers and wharves are distributed
 
along the length of the-river as shown in Figure 4.2 which is
 
actually navigable for 130 miles from the Delaware Bay entrance.
 
Terminals and piers are operated by a wide variety of organiza­
tions called stevedoring companies or terminal operators.
 
About 17 different such organizations exist in the port of
 
Philadelphia.
 
Approximately 200 steamship companies operate in the
 
port and they are represented by about 23 steamship agents.
 
Construction and engineering services, including port
 
equipment for the port, is undertaken by the Philadelphia Port
 
Corporation. Advertising, publicity, and marketing of the ports'
 
assets is presented worldwide by the Delaware River Port Author­
ity. The Philadelphia Marine Trade Association (PMTA) contracts
 
for its members with the International Longshoremen Association
 
and provides the labor needed for the shipping and solves the
 
majority of labor disputes for its members. Tariffs for
 
penalties exercised by the port on cargo movement infractions
 
are determined by the port of Philadelphia Marine Terminal
 
Association. The Philadelphia Maritime Exchange, (PME) a pri­
vate nonprofit organization, sustained by the fees of its
 
membership, is a collection, storage and distribution center
 
for maritime information and acts as liaison between the port
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community and those federal, state and municipal organizations
 
and agencies with responsibility for helping to keep the port
 
and harbor complex operating. In addition, the Maritime Ex­
change documents events and happenings in the port as a refer­
ence for any research on port practices. The pilots of the
 
port are members of the Pilot's Association for the Bay and
 
River Delaware.
 
The organizations mentioned in this introduction have,
 
through their cooperation and time, contributed to understanding
 
the port operations and to selecting data pertinent to SEASAT's
 
potential for reducing the losses to ship owners using the port.
 
Various organizations have or are involved in
 
providing weather prediction data and information to users of
 
the port. These include the Franklin Institute of Philadelphia,
 
Accuweather of State College, Pennsylvania and the corporations
 
RCA and ITT who supply various forms of marine equipment to
 
shipping in the Delaware River. As a general statement, the
 
weather prediction quality, made available by these organiza­
tions, has been insufficient for profitable action by the ship
 
owners.
 
4.3.2 Sources of Weather Related Economic Loss
 
Various general sources of weather-related economic
 
loss to ship owners have been previously discussed. It is now
 
necessary to distinguish those which are of practical signifi­
cance in the port of Philadelphia.
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The consensus of opinion of those solicited was that
 
the practically significant, weather related economic losses
 
were those resulting from the guaranteed wages which must be
 
paid to cargo movement labor.
 
Scheduling delays, as a result of inclement weather,
 
do occur but the port of Philadelphia has a supply of berths
 
which generally exceeds demand and rescheduling of berthing is
 
relatively simple. The influence of weather at sea on scheduling
 
is moderated appreciably by the up-river transit time from the
 
Delaware Bay so that any economic loss was considered to be
 
marginal.
 
Delays that result from decisions by berthing labor,
 
pilots, and tugboat operators do also occur due to,.fog, but
 
these are less and less frequent because of the successful use
 
of radar in the navigation channels. There are occasions when
 
tides are very high and strong, possibly for two days with N or
 
NW winds, which can limit ship movement and causes flooding at
 
piers. This is very infrequent. Ice has not occurred in the
 
river since the early 1930s.
 
Penalties levied by the port because of cargo infrac­
tions resulting from weather were thought to be non-existent,
 
although no statistical data is kept since the organizations
 
involved are interested in collecting the money owed and not
 
in knowing why the money is owed. Wharf demurrage and storage
 
charges would only occur under very unusual weather since import
 
cargo can remain on the wharf five days and export cargo seven
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days before charges begin. Ground transportation costs could
 
conceivably be incurred if a ship was obliged to bypass the port
 
of Philadelphia and go to Baltimore, for example, and ship the
 
cargo by land from Baltimore to Philadelphia. Such action,
 
because of weather, is very unlikely. It is more likely to
 
occur as a deliberate tactic by the ship owner to save money
 
because the cargo to be offloaded at Philadelphia is small in
 
volume, and all port charges would be avoided.
 
Ship master or owner decisions concerning cargo
 
transfer in-inclement weather are assumed to be subsumed under
 
the actions of safety by labor in inclement weather. That is,
 
labor is generally fully aware of the existence of weather
 
susceptible cargo and the general attitude of the ship owner
 
when inclement weather conditions occur.
 
Thus, the source of economic loss in the Ports of
 
Philadelphia to be studied more deeply will be that resulting
 
from guarantees to the labor force involved in moving cargo.
 
4.3.3 	 Weather Related Economic Losses to
 
Ship Owners
 
When a ship is berthed, its services are provided by
 
the International Longshoremen's Association, ILA (AFL-CIO).
 
The total service organization consists of longshoremen, car­
loaders, carpenters, ship cleaners, mechanics, lockermen,
 
gearmen, crane operators, truck drivers, clerks, checkers,
 
timekeepers and coopers. These crafts and trades perform
 
administrative functions, repair cargo damage, secure c&rgo
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move cargo between piers
stowage, clean various ship parts and 

and trains or trucks, or move cargo between piers and the ship's
 
the vessels for cargo transfer as
holds or decks, rigging 

required. Crane operators, in addition, move container cargo
 
between ship and pier.
 
can
During inclement weather, most crafts and trades 

be assigned to productive work. The longshoremen, handling the
 
cargo between ship and pier, may suspend their operations as a
 
safety measure for both cargo and longshoremen. Crane operators,
 
for example, responsible for precise movement and stowage of
 
bulky and heavy containers, may, in high winds, decide that
 
longer safe and suspend operations as a
 their operation is no 

consequence, although this particular condition occurs very,
 
the ports of Philadelphia.
very infrequently in 

For the longshoremen, inclement weather is the
 
sleet during a day working shift,
occurrence of rain, snow, or 

one of two in a normal day, the first being from 8 a.m. to
 
Night shift work and
12 noon, the other from 1 p.m to 5 p.m. 

weekend work is also undertaken with an identical weather
 
amount of inclement weather precipitation that
definition. The 

not defined but as a
is required to cause a work stoppage is 

practical operating entity, its existence seems well-understood
 
by labor, its management, and the ship owners. Working rules
 
are established in a written agreement between labor and the
 
Philadelphia Marine Trade Association, some pages of which are
 
and 4.6 taken from the agreement
shown in Figures 4.3,. 4.4, 4.5 
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LONGSHORINdMEN'S AGRLEMIENT 	 LONCSIIOIIEMENS ACEEMENT 
1. 1970 unl.e the ILA District Council diechid' ..... V,.. Po, 
otheciaise and advises IM-TA. 10-I-68 10-1-69 10-1-70 
to- taoFrom Fon Frno 
to to to T TIME 	 $4.13 $4.40 SI75 
9-30-69 9-SO-70 9-30-71 O.EIRTIME TATE 56.25 660 7.25General Cargo 
STRAIGII TIME $34.00 84 25 $4.60 Bo01v Meal 
ovErI ERA-fE . 6.00 6.375 690 SI RAIGIIT TIME 4 15 440 4.75 
Ofl, Kerocene, OVERTIME RATE 6 225 660 7.125 
Gr.i'e, Naphtha in arrel, Licorico Root 
dn~ns cast, or other con- STRAIGIl r TIME 4.20 - 4.-15 4 80 
tamer (i. exces of 2 hours OVERTIME RATE . M6.3 6.675 7.20 
ler l.i per gang) 
S111,-\IGHT TIME. 4 I - 1 0 4 75 Ion, Meal 
OVERTIME RATE 6225 6.60 7.125 bTRAIGHT TIME .. 4 25 ' 4 50 4 8 OVERTIME RATE 6375 6.75 7.275 
Tallo....Vegetable 0., A­phalt, and Pitch in barv,-l 	 Tapioca Flour
,roddrms (,. exc of 2 	 STRAIGHT TIME -. . 4 25 4 50 4 85 
hours pr (inper cang) 	 OVERTIME RATE . . . 6 375 6.75 7275 
STRAIGIIT TIME I 1 - .110 -1.71" Bags of Bone 
OVERTIME RATE . 6.225 6.60 7.125 SI RAIGIIT TIME 4 25 4 50 4 85 
Holes, Wet 	 OVERTIME RATE .. 6.375 6.75 7.275 
4.75 	 (earth) lngSTRAIGIHT TIME . . . I IS 1.40 	 Umber mu OVERTIME RATE 6225 660 7.125 STRAIGIHT 'lIME . . 4.25 4.-0 4.95OVERTIME RATE - -. 6 375 675 7 275 
Gan-Trnnnjue. BIqg~mi
and Stowing at Grain Ek-	 (b)When men arc hired to handle any of the 
\aIor 
s FRAIGclT TIME ... 2t0 LI-, 480	 above commodities, and %%hcll waitin tlme is ini­
cired, the inell s1.all iccivc the rate applicableOVERTIME H.VrE -. 630 6675 7.20 
Bog Ore. S hlpii r and all for the specific commodity, piovided the men stand 
Bulk C.irgo by as directed­other 
STRAIGHT TIME ,I05 4:30 4.5k 
OVERTIME RATE - 6.075 6.45 6975 7.Distress: 
Naphthalene, in bags, inbouuid 	 (a) ,VWhen men are called upon to handle cargo 
.ol Mwider Cu mstances ui'tiutIy distre siug or o0-
S-rRAI IGf TIME -125 -.50 4 85 i1)\t1S to thle DnI, they shall be paid in accord-
OVEIAIMIS RATE 6 375 675 7.275 aulce with the schedule as follos s: 
Cr h}lc in in-A md, dnois, 
....;d only 	 Frm] F.,.,l ]Fron,STRAIG T TIME -50 4.75 5 1 10-1-68 10-1-69 10-1-70 
OVTR lITIME TE 6.73 5.10 to to to 
OVERTIME RATE . 6.73 7.125 765 9-30-69 9-30-70 9-30-71 
lelrugerator S,.ace C.creo- 8 A M. to 12 Noon, I to 5 
\%i-u car'i111n4 iiplator' e \I . .\Iodiy thritgh Fr.­
of the carto i 32 dcegr, cia>. ptr hour . $80 38 50 $9.20 
Fj1lrcnh.t.t.r below 	 12 Noon to I P N , Nlondav5TR AiG Il Ti IME -. 21) 4I-5 -4SI) 	 throuml, ri'dis, mniu "'illIx,
OVRIME TE .20 65 720 gtar.nteedOVERTIME RATE 6Go 6675 7.20 	 tun (2) hIiurpay at (per hour) . .00 8.0 920 
12 13 
Figure 4.3 Longshoremen Wage Rates
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LONGSHOREMEN'S AGREEMENT 
From From From10-1-68 10-1-69 10-1-70 
to to to9-80-69 9-80-70 9-80-71 (If they work beyond 1 P.M. 
they will be compensated
from 1 P.M. at time and a 
half time until relieved). 
All other meal hours, per
hour ........ ...-­Overtime-per hour 
1600 $17.00 51840 
12 00 12.75 1380 
(b) Wage differentials ale provided in Clause 
6(a) above as compensation for unusual condition, 
common to certain commodities. These conmodi-
ties are not to be• construed 'as creating conditionsohour 
distressing or obno'ious unless damaged by file, 
water or fuel oil, when payment mill be made in
accordance with the follouing schedule: 
8 A.M. to 12 Noon. I to 5P M., loniday through Fri-day, per It..r 
­ - . 
12 Non to I P \I, Moaniaythrough Friday, men ,ill heguaranteed two (2) hours 
pay at (per hr.)
(If they 'cork beyond 1 PMNthey' %ill be compeated
fher 1 P eM.timeat ad ahfll tune until relieed ) 
All other meal hours per 
From From From 
10-1-68 10-1-69 10-1-70 
to to to9-30-69 9-80-70 9-80-71 
$8.00 $8M0 $9.20 
8.00 850 920 
hour .......-.-.. . 1600 1700 1840
Osertime-per hour . 12.00 1275 13 so 
(c) A dispute as to whether, in any iarticular 
case, the cargo causes distiess conditions shall be 
dealt with in accordance with Clause 30 
(d) These rates are to apply only in the coin-
partment where the conditions exist. 
8. Explosives: 
(a) Men handling explosies shall be paid as 
follows: 
14 

LONCSTIORhEIEN'S AGREEMENT 
Fro,,, From 
10-1-88 10-I-69 
8 A.M. to 1a Noond to 5 
day, operbhrogi
19.M0 
thro Ia'. mwlah 
through Friday, men vll li 
guaranteed two (2) hounapay at (per hr.) . ..(If they work beyond 1 PM 
the> wyll be compentat d 
from 1 P . at time and half
time until relieed.)
 
All othr - al hour1. per
-
.. . . . 
Overtime-per hour 
to to 
9-80-69 9-30-70 
$800 $5­$8150 
800 850 
1000 17.00 
1200 12.75 
From 
10-1-70 
to 
9-30-71 
920 
13. t0 
13,80 
(b) Men hiled to handle explosives at Aitificial 
Isand or any other achloiage shall lie paid travel 
time (68-69-.4 00, 09-70-$4.25, 70-7 1-4.60 perhour) until they aitive at the laiilh per i he 
vicinity of the anchoiag.c Explosive rate%, as per
the folegoing schedule, "illlleconme effective andl(main in effect until the men lie returned to 
shie. Travel time at (68-69-34.00, 69-70-64 25t0-71-$4 60) per hour will then be paid until the 
men arrive back at the hiring point, 
( c) Stand bv time befose boa ding the launch 
shall he at explosive rates, and sall continue atthos lates if men ate transported to the ship. If 
work i% cancelled pa or to boalding the launch, 
nlen shall he returned to the hiring point and een­(-ral cargo rates shall be paid for the remainder 
of the guaiantee period. 
(d) Men traveling bcond the guaranteed pe­
riod will he paid the travel time rate of (68-69­
84.00, 69-70-t4h25, 70-71-,4 60) per backpoin
to the hiring imint­
9. (a) Hiring System: 
(1) For Tuesday thlrough Satutday, day woikfor either 8 A.M. or I P.S. start, ailer, must be 
placed by 4 P.M. the day befoie. 
15
 
Figure 4.4 Longshoremen Wage Rates
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LONGSHOREMEN'S AGREEMENT LONGSHOREMEN'S AGREEMENT 
(2) Men hired for a 1 P.M. stait shall receive inclusive, shall be guaranteed four (4)hours' pay
a4 hour guarantee, 
 for the period between 8:00 A.M.and 12:00 Noon.(3) Fol Sunday and Monday, day voik, oiclets Men(2) re-employed at 1:00 P M. from Mon­must be placed by Saturday at 9 A.. day to Sunday, incLusive, shall be guaranteed(4) From Monday through Friday, night woik four (4) hours, with thbe exception of the finish(5, 6 and 7 P.M) orders must be placed by I P.M. of the hatch, or of a ship, for which they shallthe same day. Guarantee shall apply until 11 P.m1 receive a minimum of two (2) hours. (5) For Sunday, night wotk, orders must be (3) Men re-employed at 7:00 P.M from Mon­placed by 9 A.M. Saturday. Guarantee shall apply day to Sunday, inclusive, "ho have worked dur­
until 11 P.M. ing the lay, may receive a minimum of t %o (2)(6) \fMen Norking on Satidays plior to 5 P.M. hour, due to weather condition, or the finish of 
may continue to ",torkovertime at their discretion, a ship or of a hatch (or upon the shifting of aThoe " ill be no litre for ork on Saturday nights 'hip to drydock or to another terminal in the port),beginning 5, 6, or 7 P.-M. otherwise guarantee of four (.1)a hours. 
(7) For work commencing at 8 A.M. on Mol- (4) Men who have been ordered to report forclay or at 8 A.M. on the day,following a holiday. work from Monday to Sunday, inclusive, at 5:00, 
Eiployeis to have the light because of non- 6:00 or 7:00 P.M., and have not worked during
arrival of a 'essel in port to cancel the gang4" by the clay shall be paid until 11:00 P.M.7:30 A.M." Gins'wvlicbl have been cancelled oiu (5) Men re-employed at 1:00 A.M. from \on­
a Monday or itday follo" ing a holiday (from day to Sunday, inclusive, shall receive a guaranteeMondav to Friday, indusrve) shall be macde avail- of four (4) hours with the exception of weatherable for re-assignment. conditions or the fini'h of the hatch or of a ship 
(8) An" new oveitime hile for Satuidays. Sun- when they shall receive a two (2) hour minimum.da)s and llolila%.s, automatically entails four hours (6) If a ship is knocked off on account of in­guararntee regardless of any conditions. clement weather by the Ship's Master hisor(9) Any new hue for a day following a holiday authorized representative the men %ill be paidwill be made b' 4 P.N. the day before the holiday the applicable guarantee, hut in the event theand Nll include the same cancellation tights pro- men knock off themselves, they xwill be paid onlysidecd fo Monday. for the time worked, regardless of guarantee pro­(10) Any men shott at the time %xoikis sched- vided for in this Agreement
uled to commence %%ill be secured by teplacements (7) Men employed between 8.00 AMNI. andfrom the dispatching office. 12 00 Noon who continue working through the(11) Ship side oi(lets. The Emploer must are relievedmeal hour atnd] at 1:00 P.m , shall be
notify the g4sing and the dispatching office not 1.00 P M., that theynotified prior to are finishedlater thain 3 P.M. of the day they are Nvoikin- for the clay, or if ordered barck at 2.'00 P M. shall%%hethei oi not tley' are requited back that night receive three (3) hours' pay at tie straight tine 
or the follo% ing day' for the same vessel rate, except when the ship or the hatch in whichthe men are employed completes dtscharging or
9.(h)Guarantees: 
 loading inless tune, they shall receive a minimum
 
(1) Men employed hom Monday to Sunday, 
 of two (2) hours" pay.
 
16 
 17
 
Figure 4.5 Longshoremen Hiring and Guarantees
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LONGSHOREMEN'S AGREEMENT LONGSHOREMEN'S AGREEMENT 
(8) Gangs shall he knocked off at a reasonable (b) The Employer "ill have first call on gangs
time, not less than ten (10) minutes before quit- registered with his company thiough the joint
ting time, to replace hatch covers. The full gang dispatching office. Where these gangs, voik for 
shall be used to remove or replace batch covers, another Employer on a day on nthch their regular 
10. Refusal to Work oertimca Employer has no work, it'is understood that these 
gangs may be recalled on a subsequent day to their 
Inthe event that a gang or gangs have sufficient regular Employer. The work on the fist vessel 
work on a ship to be expected to wok a second will, in this case, be completed by such gangs Is 
day, and other gang or gangs have an amount of may be available and secured through the 1oint 
work which could be epected to complete in one dispatching office. 
day, by woiking not in eccs' of two (2) hottis' (e) After a vessel has woiked through one or 
overtime, and the Emplo'er by 3 00 PM. le- moe guaranteed peads and there remains Mkoik 
quests the gang or gancs uith the shorter number on e vesselcCai gangs nay he released at 
of hours to %%ork overtnne to a finish, m,en thouigh the discietion of the opetator \at10 the .ippt dl 
the other gang or ganes are ordered hack for the ot the joint Dispathing Committee, and kc-regis­
next day, and the gang or ganes requested to no'lk toted at the joint dispatching office to he available 
overtime refuse to work overtime to Rlmsh theih to accept new "toak assignments nith as great or 
hatches, they vaive their right to the hatches and gleatet wolk opportuity on (ie sainc' e next day. 
the 'oik in thoe hatches can be completed by the j he voe shall he corn leted with the remaining 
remaining gang or gangs gangs and the gaigs which have been replaced 
In those cases vheae a gang or gangq are acked will have no claim to woak on the vessel provided 
to stork overtime and they agree, and at 5 00 that the gang received a job asignment for an-
P M. the ship or the stevedore chans the ordeis other hire through the joint dispatching office. 
and sends the men home at 5 10 PM. (for anireasn oher hanweater oncltia'), he ang(4d) The Union, "ill dlesiginte a man to be on 
oregangs sent thomeweat 5 00 Pl. 'hatl hegaran- duty as a Union member of the joint Dispatchingteed nso sous at the straght time rate Committee at all ta oes and they will advise theEteutive Secteiamy of PMTA atvevk in advance 
1i0 has that duty for thie iollimng week. Em-
I1. Flexibilaty: ploy ers will make the proper clearance is re­
(a) Having completed a nok period on one quiaed an (b) and (d) above through that man. 
vessel gangs may, at the beginnig of the sueceed- In his absence, thle Eiployea wall ttai sr or le-
Ing work period, "tih the priot approval of the least, gangs as set foth il (b) fi (d) aobye atd 
joint Dispatching Committee, be transferred to notify the ELplo)iac-nember of the Joint Dis­
,
another job to supplement the gang or gang patching Committee, who will notify the designated 
previously hired in accordance with the provisions Union member when lie iNsavailable. 
of Section 9 hereof, with the understanding that 
the work remaining in the hatches on the on al 12, loiadaysbessel will be completed by the gangs aemain~g~ Legal holidas ale New Years Day, Lincoln's 
thereon, subject, hostever, to the condition that Birtldy, Washingtons Bithday, Good Friday, 
the opportunities onl other ships shall be as great Decotation Day, Flag Day, Fourth of July, Labor 
or greater than those on the original ship. Day, Columbus Day, November Election DaMy,Armistice Day, Thanksgiving Day, Christmas Day,
18 19 
Figure 4.6 Longshoremen Hiring and Guarantees
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valid from October 1, 1968 to September 30, 1971. Paragraph 9
 
(a) establishes the hiring system or procedure by which long­
shoremen gangs are called or hired ahead of the arrival of the
 
ship. Paragraph 9 (b) guarantees, establishes the wages that
 
will be guaranteed to those gangs that are called under any
 
conditions of operations.
 
Ship owners must, therefore, contract ahead of time
 
for the service labor required and they have agreed to pay that
 
labor for some hours of work whether that work is done or not
 
done because of inclement weather.
 
These wage guarantees are the source of the economic
 
loss sustained by the ship owners because of lack of precision
 
in the 	prediction of inclement weather.
 
Wage rates, as shown in Figures 4.3 and 4.4, are
 
dependent on the cargo handled. The most recent wage rates are
 
shown in Figure 4.7 as an agreement with the Council of North
 
Atlantic Shipping Associations (CONASA).
 
4.3.4 	 Derivation of the Maximum Labor Related
 
Economic Loss
 
ILA labor is primarily concerned with the transfer of
 
breakbulk cargo. This is general or non-homogeneous cargo.
 
Cargo in the ports of Philadelphia is of many types as shown
 
in Figure 4.8 breakbulk, container, dry bulk, tanker and
 
passenger. Container, bulk and passenger vessels require
 
little 	labor to unload, the first two because of the mechani­
zation 	of cargo handling or of cargo unloading, the last one
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MEMORANDUM OF AGREEMENT 
COUNCIL OF NORTH ATLANTIC SHIPPING ASSOCIATIONS (CONASA]
 
AND INTERNATIONAL LONGSHOREMEN'S ASSOCIATION AFL-CIO,
 
AND THE ATLANTIC COAST DISTRICT, ILA, AFL-CIO ([LA)
 
The following is agreed to by CONASA and tLk in final and complete settlement of the seven (7) Mastet Contaz:t 
issues: 
2. WAGES 
1st Year-An 1ncrease of 70t per hour making a total stralght-time wage rate of $6.80 per hour
 
2ndYear-An increase of 60% per hour making a total straight-time wage rate of S7.40 per hour.
 
3rd Year- An increase of 60 per hour making a total straight-time wage rate of 58.00 per hour.
 
2. CONTRIBUTIONS TO THE WELFARE PLANS 
1st Year-An increase of 10c per hour making a total contribution of. 90t per hour.
 
2nd Year-A.n increase of 11€ per hour making a total contribution of $1.01 per hour.
 
3rd Year-An increase of 12c per hour making a total contribution of $1.13 per hour.
 
3. 	 CONTRIBUTIONS TO TNE PENSION PLANS 
1st Year-An increase of 15c per hour making a total contribution of 51.37 per hour. 
2nd Year-An increase of 16c per hour ma.king a total contribution of S1.53 per hour,

3rd Year-,An increase of 18; per hour making a total contribution oi S1.71 per hour.
 
4. HOURS 
To remain as in present CONASA-IL agreements. 
5. 	 TERM OF AGREEMENT 
Three 13) Year,contract. 
1st Year-Commence on October 1, 1974 to September 30, 19,a. 
2nd Year- Commence on October 1, 1975 to September 30, 1976. 
3rd Year-Commence on October 1, 1976 to September 30, 1977. 
6. CONTAINERIZATION -As set forth in appended Rules on-Containers. 
7. LASH - As set forth in appended Lash-Seabee Agreement. 
Dated: 	 June 21, 1974 
COtLhZCTL 01 NORTH ATLAITIC INTEhRNATIONAL LO1GSOREMZ!tPS 
SHIPPING ASSOCIATIONS ASSCIATION, AFL-CEO 
President
VPresident 
FAT NTIC CAST 3:STRICTS 
Secretary 6'ILA, AFL-CIO 
Secretary 
Figure 4.,7 
TOTA 1, 
NET TONNAGE BREAKBULK CONTAINER BULK TANKER PASSENGER 
JAN 4,389,623 (462) 752,748 (159) 185,622 (28) 658,388 (8) 2,792,865 ('187) -
FEB 3,774,522 (394) 723,375 (135) 54,475 (211 603,897 (76) 2,392,775 (162) -
MAR 4,625,293 (448) 741.355 (147) 130,907 (171 846,209 (102) 2,906,822 (182) -
APR 4,358,409 (414) 573,774 (127) 203,269 (30) 732,463 (79) 2,848,903 (178) -
MAY 4,405,248 (439) 624,963 (136) 156,149 (221 943,104 (106) 2,681,032 (175) -
JUN 4,117,823 (403) 619,854 (138) 193,288 (221 737,768 (82) 2,556,847 (160) 10,0(6 (1) 
JUL 4,614,008 (439) 744,080 (142) 170,797 (201 926,773 ( 98) 2,742,160 (176) 30,198 (3) 
AUG 4,518,721 (437) 659,363 (141) 218,218 (261 839,061 (93) 2,793,689 (176) 8,390 (1) 
SEP 4,137,154 (404) 538,367 (117) 243,127 (271 857,971 ( 99) 2,464,129 (157) 33,560 (4) 
OCT 4,408,677 (414) 547,993 (124) 193,275 (211 883,333 ( 88) 2,756,674 (178) 27,402 (3) 
NOV 4,460,079 (436) 601,575 (123) 293,934 (261 867,361 (105) 2,678,941 (180) 18,268 (2) 
DEC 4,732,592 (437) 534,528 (113) 167.382 (181 926,877 (102) 3,103,805 (204) - (0) 
TOTAL 52,542,149 7,661,975 2,210,443 9,823,205 32,718,642 127,884 
(5127) (1602) (278) (1118) (2115) (14) 
REMARKS: Numbers of vessels arriving are in parentheses. 
Source: The Philadelphia Maritime Exchange, 620 Lafayette Building, Philadelphia, Pennsylvania 19106.
 
Figure 4.8 Net Registered Tonnage Statistics - 1973 
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because of the lack of cargo. Breakbulk cargo is primarily
 
handled at the ports of Wilmington, Delaware and Philadelphia,
 
Pennsylvania.
 
The derivation of the maximum loss will be performed
 
for the ports of Philadelphia as a whole. The process will be
 
to establish the weather conditions in the ports of Philadelphia
 
and Wilmington during the year 1974 and then to determine the
 
number of longshoremen gangs operating in these ports on precip­
itation days. The cost to ship owners of these gangs will be
 
determined and based on certain assumptions about work cancella­
tions; the aggregate cost to the ship owners will be derived for
 
non-productive labor.
 
The ports of Philadelphia, on paper, have about 69 ILA
 
longshoremen gangs with somewhere between 55 and 65 gangs opera­
tive. An average breakbulk gang consists of 19 men and one
 
foreman, although the structure of gangs is very variable and
 
related to cargo. A ship, on the average, may require three to
 
four gangs for unloading with a large ship requiring six gangs.
 
Gangs are supported by a variety of trades and crafts and admin­
istrative personnel, the support constituting an overhead cost
 
on the basic labor changes.
 
Figure 4,.8 identifies the breakbulk net registered
 
tonnage as approximately 7.7 million tons. This is an indica­
tor of the maximum tonnage moveable by the vessels entering the
 
port. The PMTA estimates that about six million tons of cargo
 
were -moved in the port, with about five million man hours applied
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to the task. About 60 percent of these man hours were
 
longshoremen man hours or man hours on board the vessel.
 
There is thus a consistency between the statistics of the
 
PMTA and the PME.
 
Weather data for the ports of Philadelphia is col­
lected by the PME on a daily basis being reported in a format
 
shown in Figure 4.9. The PME annual data for 1974 was compiled
 
into precipitation days at Philadelphia and Marcus Hook (repre­
sentative of Wilmington). This was assumed to indicate the
 
identity of the local weather at Wilmington and Philadelphia
 
where breakbulk cargos are unloaded. The results of this
 
compilation are'shown in Figure 4-10.
 
From the precipitation compilation of Figure 4.10
 
and the interpretation of the labor force guarantee rules, the
 
following loss rule was selected:
 
1. 	 If rain at 8 a.m and noon, then 4 hours lost.
 
2. 	 If rain at B a.m. only, no decision (not known
 
when it cleared).
 
3. 	 If rain at noon and 4 p.m., no decision (gang
 
termination time not known).
 
Applying the loss rule to Figure 4.10 produces the
 
loss description shown in Figure 4.11 which incorporates the
 
gangs actually called in Philadelphia and Wilmington as recorded
 
by 	the PMTA for the days in question.
 
The rates for a gang are made up of basic wage,
 
insurance, and taxes as a percentage of the basic wage and a
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DATE Monday-30 1974
 
STATIONS 	 8 A.M. NOON 4 P.M.
 
Philadelphia 	 Southwest West . Northwest 
Cloudy Cloudy Clear 
Marcus Hook 	 Southwest West Northwest
 
Cloudy Partly Cloudy Clear
 
Breakwater 	 Southwest/10 Northwest/i0 Northwest/15
 
Cloudy Cloudy Cloudy
 
Source: 	 The Philadelphia Maritime Exchange
 
Daily Station Weather Report.
 
Figure 4.9 Typical Weather Station Reporting
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TIME OF DAY 
DAY DATE 8 A.M. NOON 4 P.M. LOCATION 
3 Jan 1974 R R R Philadelphia 
R and Marcus Hook 
9 R 
R 
10 SL R 
SL R 
11 R R 
RF RF RF 
21 R R 
R. RE 
2 Feb 1974 R 
R 
3 R 
R 
8 SN 
Sm 
SN 
g 
19 R 
R 
R 
R 
22 R 
R 
25 SN 
SN 
SN 
SN 
SN 
SN 
2 Mar 1974 R 
R 
Sat 9 R R 
R R 
16 R R 
R R 
21 R R 
R R 
Figure 4.10 Precipitation Days Compilation for
 
the Port of Philadelphia 1974 at
 
Philadelphia and Marcus Hook
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TIME OF DAY 
DAY DATE 8 A.M. NOON 4 P.M. LOCATION 
24 R Philadelphia 
RF and Marcus Hook 
Sat 30 R R 
R R 
Sun 31 R R 
R R 
1 April 1974 R 
R 
R
R
R 
R
R 
2 
5 
6 
R 
o 
9 
R
R 
R 
R 
Sat 13 ADr 1974 R 
R 
R 
R 
19 R 
R 
23 R 
R 
3 May 1974 R 
R 
9 

10 

Figure 4.10 

R 
R 
Precipitation Days Compilation for
 
the Port of Philadelphia 1974 at
 
Philadelphia and Marcus Hook (cont'd)
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TIME OF DAY 
DAY DATE 8 A.M. NOON 4 P.M. LOCATION 
12 R 
R 
i8 R Philadelphia 
and '.arcus Hook 
23 R 
R 
29 R 
R 
2 June 1974 R 
R 
R 
R 
12 R, 
R 
Sun 16 RR 
RR 
R 
R 
23 R 
R 
25 RR 
H R 
28 R 
R 
R 
R 
24 July 1974 R* 
R 
R 
R 
2 August 1974 R 
7 R 
22 R 
6 Sent 1974 R 
7 R 
R 
Figure 4.10 Precipitation Days Compilation for
 
the Port of Philadelphia 1974 at
 
Philadelphia and Marcus Hook (cont'd)
 
TIME OF DAY
 
DAY DATE 8 A.M. NOON 4 P.M. LOCATION 
14 R 
R 
28 R R 
R R 
29 R 
R 
16 Oct 1974 R R Philadelphia 
R R and Marcus Hook 
5 Nov 1974 R 
R 
12 R 
R 
1 Dec 1974 R 
R 
Sun a R R 
R R 
16 R R R 
R R R 
25 R 
R 
Legend: R Rain 
SL Sleet 
SN Snow 
F Fog 
Figure 4.10 	 Precipitation Days Compilation for
 
the Port of Philadelphia 1974 at
 
Philadelphia and Marcus Hook (cont'd)
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NUMBER OF GANGS
 
DAY DATE 	 PHILA
 
WILMINGTON TOTAL
 
3 Jan 1974 	 PHILA 40
 
WILMINGTON 0 
 40
 
10 
 46
 
0 46
 
11 
 42
 
3 45
 
21 
 30
 
9 	 39
 
25 Feb 1974 	 52
 
13 65
 
Sat 9 Mar 1974 0
 
17 17
 
21 
 37
 
3 40
 
Sat 30 
 28
 
0 28
 
Sun 31 
 36
 
0 	 36
 
Sat 13 Apr 1974 	 5
 
3 8
 
Sun 16 Jun 1974 25
 
3 28
 
24 July 1974 38
 
9 47
 
16 Oct 1974 	 12
 
3 	 15
 
Sun 8 Dec 	1974 17
 
0 	 17
 
16 
 37
 
0 	 37
 
Figure 4.11 Precipitation Loss Days in the
 
Ports of Philadelphia 1974
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benefit which is a fixed hourly sum, plus overhead charges which
 
depend on the composition of the skills and crafts needed to
 
support the longshoremen. On some ships, there is one, cooper for
 
every two gangs. Some operations require a head foreman and an
 
assistant. The actual charge to the shippers during 19-74
 
increased in magnitude due to contractual agreement by
 
about 2 percent.
 
The basic standard cost (which was supplied in
 
confidence) was rounded off to $400/hour/gang.
 
Saturday and Sunday work are performed at time and
 
one half. Because the benefit does not enter into this rate,
 
the Saturday and Sunday rate was estimated to be from $525-550/
 
hour/gang.
 
These rates will be applied to the tabulation of
 
Figure 4.11 to derive a maximum benefit, due to guaranteed
 
payment losses. A loss requires the payment of 4 hours of work
 
as a guarantee.
 
Hence, the loss payment is $1600/gang on weekdays and
 
$2100 to $2200/gang on Saturday and Sunday.
 
The labor loss computation is shown in Figure 4.12
 
and produces a maximum loss for the Ports of Philadelphia, in
 
1974, lying between $879,800 and $893,200. This estimate is
 
held to be conservative since some of the no-decision events of
 
Figure 4.10 could have produced losses that were excluded
 
from the calculations. Losses, in addition to those related to
 
labor, will also occur. These will be discussed later when loss
 
equations are developed.
 
62
 
DAY I DATE NUMBER OF GANGS 
 LOSS PER GANG ($) LOSS ($)
 
3 Jan 1974 
 40 1600 64000
10 
 46 1600 73600
 
11 
 45 1600 72000
 
21 
 39 1600 
 62400
 
25 Feb 1974 
 65 1600 104000
 
Sat 9 Mar 1974 17 
 2100 - 2200 35700 
- 37400
 
21 
 40 1600 
 64000
 
Sat 30 
 28 
 2100 - 2200 58800 
- 61600
 
Sun 31 
 36 2100 - 2200 75600 - 79200 
Sat 13 Apr 1974 8 2100 - 2200 
­
16800 1 600 
Sun 16 Jun 1974I 28 2100 - 2200 58800 - 61600 
24 July 1974 47 1600 
 75200
 
16 Oct 1974 
 15 1600 24000
 
Sun 8 Dec 1974 17 
 2100 - 2200 35700 - 37400
 
i16 
 37 
 1600 
 59200
 
TOTAL ANNUAL LOSS (1974)......... $879,800 
- $893,200
 
Annual Loss Round-Off $900,000 (1974)
 
Figure 4.12 Nonproductive Labor Related 
Costs or
 
Losses to Breakbulk Shipowners Using
 
the Ports of Philadelphia in 1974
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4.3.5 	 The Variability in Labor Related
 
Annual Losses
 
4.3.5.1 Precipitation Variation
 
The calculated actual total annual loss for 1974 will
 
be assumed to be about $900,000.
 
This loss is evidently dependent on the total annual
 
precipitation and snowfall though not in any obvious manner be­
cause of the particularized time constraints associated with
 
the loss calculation.
 
However, assuming a uniform relationship between total
 
annual precipitation and snowfall, and its appropriate con­
strained"measure, climatological data can be used to indicate
 
the possible spread. NOAA climatological data is provided in
 
Figure 4.13 tabulated as total precipitation and total snow,
 
up to 1973. The meteorological station at Philadelphia
 
airport provided the following figures for 1974:
 
Total precipitation 37.78 inches
 
"Dec 0.81
 
Nov T
 
Total snowfall 17.00 inches Mar T
 
Feb 12.1
 
Jan 4.1
 
Since the actual calculation produced a loss due to snow about
 
10 percent of the time, the variability in precipitation
 
only will be used to illustrate the possible variability in
 
loss. The recorded precipitation in Figure 4.13 ranges from
 
a minimum of 29.34 inches to a maximum of 49.63 inches with
 
a mean of 41.09 inches.
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,. LOCAL CLIMATOLOGICAL DATA 
TANNUAL SUMMARY WITH COMPARATIVE DATA 
£4 PHILADELPHIA, PENNSYLVANIA 
1973 
NARRATIVE CLIMATOLOGICAL SUMMARY 
The proximity of Delaware Bay probably has 

some effects on temperature conditions locally, 
Periods of extended cold weather are relatively 
rare, with below zero readings reported only 
24 imep jnre official records becan. Sustained 
periods of very luh or low tcmparatures selaom 
last more than 3 or 4 days as conditions change 
fairly rapialy, 
Due to the prevalence of maritime air curing the 
summer months, the humidity adds to the dis-
comfort of the high temperatures. Oa the other 
han, heavy fog seldomi occurs over a large 
section of the City except during the autLImn 
and winter months and dien on an average of 
only 10 times per year. At International Airport, 
however, due to the proximity of 4hc river and 
the low terrain, heavy fog is observed about 
30 times per year. -
Precipitation is fairly oerh dstributedthrough-
out the year with maximun amounts during the 
late summer months. Muchcfhesummerraiufall 
is in connection with local thunderstorms and is 
variable in amount in dtfferemit parts of the Civ, 
due in part to the mngher elevations in the "etcrn 
and northcn sections. Snowall amountsoftcEare 
considerably larger in toe northern suburbs than 
in the central and southern parts of the City. In 
many casesi the precipitation will ctaage from 
snow to rain within the City. Sngle storms of 10 
inches or more occur about every five years. 
The maximum amount of 21.0 inches fell on 
December 25-26, i'CQ. 
The prevailing wind direction for the summer 
months is from ihe southvest, vhile northwesterly 
winds prevail during tle winter. Tha annual 
prevailing direction is from the west-southwest. 
Destructive velocities are compara:uvely rare 
and occur mostly in gustiness during summer 
thunderstorms. High winds occurring in the 
winter months, as a rule, come wNih the advance 
of cold air after the passage of a deup low pres­
sure area. Only rarely have htrrtcares in the 
vicinity caused widespread damage, thonprimar­
ily through flooding. 
Flood stages in the Schuylkill River normally 
occur about twice a year. Flood stages seldom 
last over 12 hours and usually occur after ex­
cessive falls of precipitation during summer 
thunderstorms. Flood stages !n Delaware 
River are caused by abnormally high tides that 
occur cue to the water "backing u-,' under the 
influence of strong south or southeast winds. 
Figure 4.13 Local climatological Data, Annual
 
Summary with Comparative Data
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U.L 
Figure 4.13 Local Climatological Data, Annual Summary
 
with Comparative Data (cont'd)
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Thus, tentatively based on precipitation records at
 
Philadelphia, a representative annual maximum loss variation
 
+31%
 
would lie between $702,000 and $1,179,000, i.e., $900,000
 
-22%
 
4.3.5.2 Other Applicable Cargo,,Types
 
The calculated annual loss relates to breakbulk cargo.
 
Longshoremen are employed to transfer both container and bulk
 
cargoes, but there are differences in expected nonproductive
 
costs.
 
Container cargo transfer in the ports of Philadelphia
 
employs gangs of the same size as for breakbulk cargo transfer,
 
but the transfer productivity is greater by a factor of from
 
3 to 4, say 3.5.
 
Bulk cargoes require different size gangs according
 
to the bulk cargo being transferred. If the cargo is ore,
 
then only two men are required; if the cargo is sugar, then
 
45 men are required; if the cargo is grain, then six men and
 
one foreman are required per ship hatch. Grain ships usually
 
have two hatches. In the ports of Philadelphia, grain is only
 
loaded onto ships. If coal is being handled, then the only
 
requirement for longshoremen is to open and close hatches where
 
six men are required per hatch. Some hatches close automatically.
 
Assuming that the various bulk cargoes are uniformly distributed
 
in the ports of Philadelphia over each day, the mean bulk oper&­
tion will be assumed to require (2+45+14)/3 men or approximately
 
one gang (19 men). Estimates can then be made of the nonproduc­
tive cost losses to container and bulk cargo handling as ratios
 
of the breakbulk nonproductive costs of $900,000.
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Estimate for Container Cargo
 
From Figure 4.8 the ratio of container to breakbulk
 
registered net tonnage is (2210443)/7661975 or 0.288. Since
 
the cargo transfer productivity for containers is 3.5 times
 
that for breakbulk cargoes, the multiplicative factor for
 
container cargo is (0.288)/3.5 or 0.082. From this, the
 
container annual nonproductive cost estimate is $900,000 x
 
0.082 	or $73,800 ($1974).
 
Estimate for Bulk Cargo
 
From Figure 4.8 the ratio of bulk to breakbulk
 
registered net tonnage is (9823205)/7661975 or 1.282. From
 
Figure 4.11, when losses occur, the mean number of gangs
 
operating is 33.9. For bulk cargo, the number of gangs required
 
is one.
 
A multiplicative factor for bulk cargo is then given
 
by (1.282)/33.9 or 0.038.
 
The annual nonproductive cost estimate for bulk
 
cargo transfer is then $900,000 x 0.038 or $34,200 ($1974).
 
Together, these add 12 percent to the $900,000 loss
 
estimate or an additional $108,000 nonproductive costs in the
 
ports of Philadelphia. Thus, from all sources in the ports
 
of Philadelphia during 1974, economic losses related to
 
labor are 	estimated to be as follows:
 
From breakbulk shipping $ 900,000
 
From container shipping 73,800
 
From dry bulk shipping 	 34,200
 
Total $1,008,000 (1974)
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Annual climatological variation in precipitation will modify
 
+31%
 
this estimate to be $1,008,000 -22%' so that the range of
 
annual labor related loss will be from $786,240 to $1,320,480,
 
in the ports of Philadelphia.
 
4.3.5.3 	 Weather Forecasting Requirements to
 
Reduce These Losses
 
The calculated loss to ship owners using the ports
 
of Philadelphia during 1974, of about $1,008,000, is a loss
 
assumed to be based on the current capability of weather pre­
diction in the ports of Philadelphia, since the gangs involved
 
were actually called.
 
The hiring rules for labor, see Figure 4.4, Paragraph
 
9 (a), establish the forecasting requirements and the procedure
 
for calculating the maximum losses establishes the prediction
 
quality required.
 
The hiring rules can be summarized as shown in
 
Table 4.1.
 
Table 4.1 ILA Labor Hiring Rules
 
Daytime Nighttime 
Work Day Order Start Order Start 
Su 9 A.M. S 8 A.M.; 1 P.M. 9 A.M. S 5,6,7 P.M. 
M 9 A.M. S 8 A.M.; 1 P.M. 1 P.M. M 5,6,7 P.M. 
Tu 4 P.M. M 8 A.M.; 1 P.M. 1 P.M. TU 5,6,7 P.M. 
W 4 P.M. TU 8 A.M.; 1 P.M. 1 P.M. W 5,6,7 P.M. 
T 4 P.M. W 8 A.M.; 1 P.M. 1 P.M. T 5,6,7 P.M. 
F 4 P.M. T a A.M.; 1 P.M. 1 P.M. F 5,6,7 P.M. 
S 4 P.M. F 8 A.M.; 1 P.M. 1 P.M. S 5,6,7 P.M. 
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A rehire of labor must be ordered at 3 p.m. for a
 
start the next day.
 
The following prediction intervals for inclement
 
weather can then be deduced from Table 4.1 as shown in
 
Table 4.2.
 
Table 4.2 Prediction Intervals for Hiring ILA Labor
 
Forecasting Type of Work
 
Interval (hours) for Labor
 
32-34 night work - weekend 
23 day work - weekend 
17 rehire - same job 
16 day work - week 
4 night work - week 
The maximum derived benefit assumes that precipitation
 
at 8 a.m. was never correctly predicted.
 
Additionally, there is an implication that the 4-hour
 
duration of precipitation was not predicted either, although
 
this is not strictly true, since a ship owner can choose, when
 
there is precipitation at the beginning of a shift, to either
 
retain the gangs at the pier or to let them go. If the gangs
 
are retained and the weather inclemency no longer exists, then
 
the gangs can be recalled to work.
 
Any captured benefit depends on the relative accuracy
 
of predicting the onset of precipitation locally for the ports
 
of Philadelphia, and of predicting the duration of the precipi­
-tation.
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Presuming that today the ship owners take advantage
 
of all and any weather services, the maximum loss reflects
 
today's prediction capabilities of predicting precipitation
 
at or before 8 a.m. which will continue until noon, at least,
 
with a prediction interval of 16 or 23 hours for the ports of
 
Philadelphia.
 
A quantitative estimate of this weather forecasting
 
capability will be developed subsequently.
 
4.3.6 The Growth in the Economic Loss
 
The labor related economic loss derived for the ports
 
of Philadelphia will increase with growth in traffic into the
 
port. This growth is briefly discussed below.
 
Activity in the ports of Philadelphia between 1974
 
and 1985, the time when SEASAT will become operational, will
 
change appreciably.
 
Breakbulk cargo tonnage into the ports will grow, but
 
it is expected that the number of ships carrying the tonnage
 
will decline.
 
While today there are about 65 gangs of longshoremen
 
in the ports, the expectation, according to PMTA, is a consolida­
tion into 42-45 gangs since the current labor force was estab­
lished on the past peak demand.
 
It is to be expected -that labor wages, welfare costs
 
and pension plan costs will continue to rise, guided by the
 
trends illustrated in Figure 4.7.
 
Bulk cargo tonnage is also expected to grow and the
 
port is planning a substantial growth in container cargo as,
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indeed, are all U.S. ports because of the worldwide growth
 
of container usage.
 
Estimates shown in Figure 4.14 of breakbulk cargo
 
tonnage growth made by the World Trade Division of the Delaware
 
River Port Authority (DRPA) indicate a cargo handling growth of
 
about 45 percent from 1973 to 1985. Using the PMTA figure of
 
six million tons for 1974, the projected increase would be
 
only about 30 percent from 1974 to 1985.
 
If the breakbulk cargo growth approximated the DRPA
 
estimated, it seems unlikely that the 
labor force will decline
 
because labor productivity per man hour would have to increase
 
by about 175 percent, a condition that seems unlikely for
 
breakbulk cargo handling.
 
By 1985, assuming weather forecasting quality remains
 
constant and labor productivity is unchanged, then the number
 
of applicable man hours must increase by 30 percent to 45 per­
cent. If these are distributed throughout a year, then the
 
previous typical nonproductive costs might be assumed to
 
increase by an average of say 38 percent to range from
 
$1,085,011 to $1,822,262 ($1974). It is assumed implicitly
 
that labor's wages will keep pace with inflation.
 
This maximum loss estimated range should be modified
 
by any expected improvement in local weather forecasting
 
between 1974 and 1985, which is independent of any SEASAT data,
 
although it might be argued that if forecasting improves
 
significantly, labor may seek wage increases to maintain real
 
take-home pay constant.
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AMERIPORT 
International Commerce 
Exports & Imports - In Short Tons 
Actual Tonnage through 1973 - Projected to 1985 
General Carao
 
Year Total Bulk Break-Bulk Container 
1958 45,572,217 42,385,708 3,186,509 
1959 46,392,332 42,965,679 3,426,653 
1960 46,476,802 42,459,553 4,017,249 
1961 43,881,659 40,122,590 3,759,069 
1962 50,319,614 46,626,023 3,693,591 
1963 50,385,455 46,211,789 4,173,666 
1964 53,011,383 48,438,646 4,572,737 
1965 54,073,27 49,652,387 
. . 
1966 55,763,624 51,022,001 4,741,623 
1967 49,175,803 44,496,702 4,679,101 
1968 53,799,031 48,456,899 5,342,132 
1969 57,536,894 52,528,396 4,978,498 3tOO0 
1970 54,057,635 48,661,376 5,286,259 110,00C 
1971 54,680,537 49,071,717 5,345,820 263,0C 
1972 63,970,228 57,874,384 5,549,084 546,76C 
1973 79,346,905 72,910,464 5,386,441 1,35t,0C 
(Est.) 1974 83,200,000 
Figure 4.14 
 Ameriport Tonnage Projections
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Projections of International Tonnage
 
In Short Tons
 
1975 87,100,000 79,539,000 5,990,000 1,571,000
 
1976
 
1977 91,600,000 82,967,000 6,410,000 2,223,000
 
1978
 
1979
 
1980 97,500,000 87,272,000 6,990,000 3,23S,000
 
ooo..........oo.o.
 
1985 	 116,700,000 103,867,000 7,800,000 5,033,000
 
Source: 	 World Trade Division
 
Delaware River Port Authority
 
Figure 4.14 Ameriport Tonnage Projections (cont'd)
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4.3.7 The Expected Economic Losses to a Ship Owner
 
When a ship is in port, a ship owner can expect
 
economic losses to result as a consequence of the actual weather
 
forecasting in the port during the ship's stay.
 
Some of these losses are unavoidable, because they
 
occur when the weather occurs.
 
Other losses are avoidable to the extent that weather
 
conditions in the port can be correctly predicted. The depen­
dence of avoidable losses on weather prediction capability will
 
be developed in this discussion.
 
4.3.7.1 Other Charges- to a Ship Owner While in Port
 
Two basic charges are levied by the port against the
 
ship owner. These are called wharfage and dockage, tariffs for
 
which are established in the port and paid to the terminals of
 
the port.
 
Wharfage is a charge levied against the ship's cargo,
 
paid by the ship owners but passed on to the consignor or
 
consignee, in most cases. The tariff is diverse and complicated
 
and examples are quoted below for information only, since this
 
charge will be assumed not to reside with the ship owner.
 
The wharfage tariffs, in the ports of Philadelphia,
 
is as follows:
 
* 	 For cargo up to 80 cu.ft./2000 lbs., the charge
 
is 90/net short ton
 
* 	 For cargo greater than 80 cu.ft./2000 lbs., the
 
charge is 60C/measurement ton of 40 cu.ft. of cargo
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There are exceptions to this basic tariff for some cargoes, such
 
as passenger automobiles where the charge is $4.00/automobile
 
for up to 100 automobiles. Another example is the charge for
 
cocoa beans in bags where sorting is required. The tariff is
 
then $1.80/short ton.
 
Dockage is a charge levied against the ship for port
 
services and it is paid by the ship owner. For a ship in
 
working status, the charge is 12C/net registered ton/calendar
 
day, or part thereof, with a minimum charge of $300/calendar
 
day. If the ship is in idle status, then the charge is 6-1/2€/
 
net registered ton/calendar day, or part thereof, with a
 
minimum charge of $200/calendar day. A ship is in working
 
status for each day when gangs are called to transfer cargo on
 
the ship. This tariff changes with time. It became 9-1/2¢ on
 
October 7, 1972; it became I0€ on November 5, 1973; it became
 
12€ on October 1, 1974.
 
Dockage estimates can be made using the data in
 
Figure 4.15 to determine the average net registered tonnage of
 
different cargo tariffs. the results are shown in Table 4.3.
 
Table 4.3 Dockage Charge Estimates
 
Estimated Net Vessel Status
 
Registered Working Idle
 
Vessel Tonnage (Average) ($1974) per Calendar Day
 
Breakbulk 4,783 574 311
 
Container 7,951 974 517
 
Bulk 8,786 1,054 571
 
TotalNot Tonnage BrealkbUlk Cozntainor Bulk Tanker 	 Passenger 
Jan 4,389,623 (462) 752,748 (159) 185,622 (28) 658,388 (88) 2,792,865 (187)
 
Feb 3,774,522 (394) 723,375 (135) 54,475 (21) 603,897 (76) 2,392,775 (162) -
Mar 4,625,293 (448) 741,,355 (147) 130,907 (17) 846,209 (102) 2,906,822 (182) -
Apr 4,358,409 (414) 573,774 (127) 203,269 (30) 732,463 (79) 2,848,903 (178) -
May 4,405,248 (439) 624,963 (136) 156,149 (22) 943,104 (106) 2,681,032 (175) -
Jun 4,117,823 (403) 619,854 (138) 193,288 (2) 737,768 (82) 2,556,847 (160) 10,066 (1) 
Jul 4,614,008 (439) 744,080 (142) 170,797 (2C) 926,773 (98) 2,742,160 (176) 30,198 (3) 
Aug 4,518,721 (437) 659,363 (141) 218,218 (2( 839,061 (93) 2,793,689 (176) 8,390 (1) 
Sep 4,137,154 (404) 538,367 (117) 243,127 (25) 857,971 (99) 2,464,129 (157) 33,560 (4) 
Oct 4,408,677 (414) 547,993 (124) 193,275 (21.) 883,333 (88) 2,756,674 (178) 27,402 (3) 
Nov 4,460,079 (436) 601,575 (123) 293,934 (26) 867,361 (105) 2,678,941 (180) 18,268 (2) 
Dec 4,732,592 (437) 534,528 (113) 167,382 (18) 926,877 (102) 3,103,805 (204) - (0) 
1(10,248)1 {(4,783) 1(7,951)1 1(8,786)1 1(15,470)1 1(9,135)1 
TOTAL 52,542,149 7,661,.975 2,210,443 9,823,205 32,718,642 127,864
 
(5127) (1602) (278) (1118) (2115) (14)
 
Remarks: 	 Number of vessels arriving are in parentheses. 
Average vessel net registered tonnage { }. 
Source: The Philadelphia Maritime Exchange, 620 Lafiyette Building, Philadelphia, Pennsylvania 19106.
 
Figure 4.15 Net Registered Tonnage Statistics - 1973 and Averages
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While the ship is in port, the ship owner must pay for the ship
 
operating costs. These vary from $1500/day for foreign regis­
tered vessels to $10,000/day for the newest U.S. registered
 
vessels, based on estimates from the PMTA.
 
4.3.8 The Influence of Weather Forecasting Quality
 
The basic objective in the port is to successfu-lly
 
predict the occurrence of precipitation at 8 a.m. sufficiently
 
ahead in time that labor gang calls will result always in
 
productive labor costs. This, it can be anticipated, will
 
not always be possible.
 
For prediction to be significant to ship owners,
 
correct forecasting must produce profitable results when
 
acted on by the ship owners.
 
When a ship is berthed, three basic costs are
 
incurred by the ship owner--labor costs to transfer cargo,
 
dockage or berthing costs and ship operating costs. Lack
 
of predictive knowledge about precipitation results in labor
 
being called, that does not work, but has to be paid.
 
Nonproductive labor periods must in essence be replaced by
 
equivalent productive labor periods, so that berthing and
 
operating costs during the nonproductive labor periods are
 
also essential losses to the ship owner.
 
If the prediction interval being considered is
 
exclusively that between 8 a.m. and 12 noon, so that outside
 
of this interval knowledge is assumed to be perfect, then
 
Table 4.4 illustrates the consequences of prediction quality
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Table 4.4 Costs and Prediction Quality
 
Precipitation Nonproductive Costs
 
Prediction Observation Labor Dockage Operating
 
NP NP 0 0 0
 
P NP 0 C CDW 0
 
P P 0 CDW C
 
NP P CL CDW C0
 
NP = no precipitation; P = precipitation, 
in'terms of nonproductive costs. A correct forecast, either
 
(NP;NP) or (P;P), produces in effect no avoidable losses.
 
There are nonproductive costs associated with (P;P) but they
 
cannot be avoided.
 
An incorrect forecast, (P;NP), produces an avoidable
 
loss (CDw+C ); an incorrect forecast, (NP;P), produces an avoid­
able loss CL since, when P is observed, (CDw+C ) cannot be
 
avoided.
 
CDW is the docking cost for a working ship. Under
 
the conditions (P;NP) or (P;P) , this could be CDI, the docking
 
costs for an idle ship, but this would depend on whether or not
 
labor was called for the afternoon shift. Currently, the
 
tariffs are such that CDI=0.542 CDW in the ports of Philadel­
phia.
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Evidently, improvement in correct forecasting is
 
sought, since no avoidable costs are associated with such a
 
forecast; ultimately then, in a port, ship owners will have
 
to contend with the non-avoidable costs of precipitation.
 
In this discussion, these are docking costs CDW and operating
 
costs CO for four hours for the days when precipitation is
 
observed in the port from 8 a.m. to 12 noon.
 
If the probability of correct forecasting in the 
port is p, i.e., this is the composite probability for the 
conditions (NP;NP) and (P;P) , then the probability of error 
is (l-p). Suppose that a fraction a of error forecasts are of 
the type (P;NP) so that (1-a) are of the type (NP;P). Then 
the expected loss, associated with forecasting error which is 
avoidable, E , is 
Eu = a(l-p) (C Dw+C ) + (1-a) (l-p)c L 
= (1-p)[CL + (C Dw+C -C L). 
Evidently Eu is independent of a if C Dw+C -C =0, a
 
condition that is unlikely. For the ports of Philadelphia in
 
1974, from data in Figure 4.11, which represents errors of
 
the type (NP;P) if a T and pT represent today's experience then
 
(1-aT) (1-pT) = 15/365 = 3/73.
 
If it is assumed that the fraction a remains constant with p
 
then
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(1-a) (-p T) 3/73 
or a = 1-3/73 (1-pT 
If it is assumed that Pt is small compared to unity then
 
= 
a = 1- 3/73 - 3/73 pT 70/73 - 3/73 pT' 
It is then reasonable to assume that a = 70/73 and 
70 
Eu = (1-p)[C L + /73 (CDw+C0 -C L )] 
= (l-p) [70/73 (CDw + C O ) + 3/73 CL1.
 
The assumption about a implies that the technique of prediction
 
will not change to produce improvements in p. This assumption
 
also seems reasonable and the equation developed for E will
 
be employed to determine losses and benefits. This equation
 
strictly describes the expected avoidable cost to a ship owner
 
in 1974 per ship berthed between 8 a.m. and 12 noon in the
 
ports of Philadelphia as a function of ship type and of the
 
capability, p, to correctly predict the conditions (NP;NP) and
 
(P;P) in the port. Implicitly, this prediction has an associ­
ated time interval of 23 hours. For each ship, labor has been
 
called for the afternoon, i.e., the ship is a working ship.
 
The equation can be calculated for different vessel
 
types and for different values of the parameters of the equa­
tion.
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4.3.8.1 	 Data and Coefficients for the Expected
 
Loss Equation
 
Data
 
1. 1974 	Philadelphia ports shipping traffic
 
Breakbulk 1,346
 
Container 260
 
Bulk 1,178
 
Tanker 2,015
 
Passenger 15
 
Total 4,814
 
2. 	 Collected data
 
Annual 
Dockage Costs ($) Daily Labor
 
Number of Per Calendar Day Operating Losses
 
Vessel Vessels Cost Range ($)
 
Type in 1974 Working -Idle M$) 1974
 
Breakbulk 1,346 574 311 1500-10000 900,C30
 
Container 260 954 517 1500-10000 73,ZD0
 
Dry Bulk 1,178 1,054 571 1500-1000C 34,200
 
3. 	 Number of precipitation loss days in 1974 at the ports
 
of Philadelphia
 
Number of days 15
 
4.3.8.2 Loss Equation Coefficients 
CDW = nonproductive dockage cost per working ship 
= 1/2 calendar day dockage per working vessel 
CDI 	= nonproductive dockage cost per idle ship
 
= 1/2 calendar day dockage per idle vessel
 
Dockage is assumed to be a cost applicable to the time
 
that a ship could be worked, i.e., eight hours.
 
Co = nonproductive operating costs per ship
 
= 1/6 daily operating costs per vessel
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Operating costs are assumed to be applicable over a period of 
24 hours. 
CL = nonproductive labor costs per ship 
= (Annual labor loss per vessel type) 
(Annual Number of vessels of that type) X 15/365 
Coetfflcnt Cost/~ay I$) Sreakbk Cotatreo 9vtk 
S 16,269 6,906 706 
(3 CL)/73 669 284 29
 
C1w C0 10,000 1,954 2,144 2,194
 
70(CDW+CO)/73 1,873 2,056 1,104
 
CDw+Co 1;500 537 727 777
 
7 0tCDw Co)/73 515 697 745
 
CDI+CO 10,000 1.823 1,926 1,953
 
70(CrDT+C)/73 1,748 1,847 1,375
 
C 1,300 405 509 53E-C0 

70{CD1+CO)/73 389 48 514
 
These values of coefficients for the expected loss per ship can
 
be substituted into the loss equation to give the set of equa­
tions shown in Table 4.5. In Table 4.5, the parameter p is
 
that of the probability of correctly forecasting throughout
 
a four hour time interval from 8 a.m. to 12 noon in the ports
 
of Philadelphia.
 
These loss equations will subsequently be employed to
 
derive.the benefits attributable to weather forecasting and to
 
the incremental forecasting contributions from SEASAT-collected
 
data.
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4.3.8.3 	 Quantitative Estimates of Forecasting
 
Probability
 
The parameter p is a measure of the probability of
 
correctly forecasting the events (NP;NP) and (P;P) throughout
 
the whole of a four hour interval from 8 a.m. to 12 noon in
 
the ports of Philadelphia, with a prediction or forecasting
 
interval of 16 hours or 23 hours. This defines p in terms of
 
the conditions on which the economic losses have been calculated.
 
To extend this to the full requirement the forecasting interval
 
should be a maximum of 32-34 hours as demonstrated in Table 4.2.
 
Strictly from the point of view of ship owner
 
decision, forecasting does not have to be continuous in nature
 
Table 4.5 Equations of Expected Loss Per Ship Type
 
Daily Ship Equation of Expected Loss Per Ship 
Operating Berthing 
Costs ($) Status Breakbulk Container Dry Bulk 
3 3
 10000, working Eu=25 4 2 (1p) Eu=234 0(lp) Eu=21 (lp)
 
10000 idle Eu=2 417(ip) Eu=2131(l-p) Eu=102(lp)
 
1500 working Eu=l184(-p) EU= 981(I-p) EU= 774(-p)
 
1500 idle Eu= 1 0 5 8 (1-p) EU
= 772(1 -p) Eu= 543(lp)
 
throughout the interval. Subjectively, that is, the forecasting
 
may have the appearance of being continuous throughout the
 
interval with respect to working a ship. Transitions in the
 
weather occur throughout intervals of time too small to effect
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a transition in the working status of gangs. A transition from
 
NP to P may however result in a prompt transition from working
 
to nonworking for gangs while a transition from P to NP may
 
have to 
last 15 minutes or 30 minutes for a transition in
 
working-status to occur.
 
Previous discussion has indicated an assumption that
 
ship owners currently make use of any and all forecasting in
 
making their decisions. It has not been possible to determine
 
by inquiry that any forecasting is used in a systematic manner.
 
The forecasting event of interest in this problem is then that
 
of determining the composite probability that either it will
 
be fine at 8 a.m. 
and will remain fine until 12 noon or there
 
will be precipitation at 8 a.m. which will continue until
 
12 noon.
 
Knowledge of p, even subjective estimates, are sought
 
to describe current 1974 capability of event forecasting and
 
the expected improvement that can result in 1985 and to the
 
year 2000; together with an estimate of the incremental fore­
casting improvement that is strictly contributed by SEASAT's
 
data collection and assumed integration with all other sources
 
of weather and sea condition data.
 
The U.S. Weather Service does not develop predictions
 
today that could be of 
direct service to ship owner decisions.
 
Evidently though all weather maps 
can be obtained by specialized
 
meteorologists who could provide a prediction service 
to ship
 
owners for a fee. In general such private services do not
 
seem to have been very successful.
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The USWS makes predictions of the occurrence of
 
precipitation at 0500, for the time intervals of twelve hours,
 
the next twelve hours and the next twelve hours, measured from
 
0700. They are only predicting the occurrence or otherwise of
 
precipitation sometime during these intervals. In validating
 
the prediction quality, precipitation occurs if more than
 
0.01 inches of rain is measured during the interval. This is
 
called measurable precipitation. Local offices of the USWS
 
generate local precipitation forecasts using large scale
 
data supplied to them by the weather service data dissemina­
tion system. The general form of generation of this local
 
forecast appears to require the introduction of local meteo­
rological judgment into the large scale data before subsequent
 
processing by computer. Forecasting for the first 12-hour
 
period appears to be more accurate when generated by the human
 
but subsequent prediction accuracy is best when generated by
 
computer. There is a current controversy in the weather
 
service over the usage of the man-machine combination for
 
forecasting, specifically concerned with accuracy and reli­
ability.
 
Quality of local forecasting is dependent on both the
 
interval of concern and the season of the year (winter/summer).
 
In Philadelphia the mean success probability for the first
 
12-hour interval is 0.83-0.85 and this degrades by the
 
third 12-hour interval to about 0.80. The first interval
 
winter time probability is 0.90-0.91 and the summer time
 
probability is about 0.75. The degradation of the probability
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with time is attributed to the data nonuniformity within the
 
measuring regional size needed for longer term prediction. The
 
seasonal variation is concerned with the seasonal data scales
 
of significance, these being smaller in the summer than the
 
winter. If, in addition, the probability of successful predic­
tion during a 12-hour interval is 0.82, the probability
 
during a 6-hour interval is estimated to be 0.78 and during a
 
four hour interval it is estimated to be 0.76.
 
During the last 20 years or so precipitation predic­
tion accuracy has improved by about 5 percent, largely as a
 
consequence of superior physical modelling and improved data
 
quality. By 1985 it is estimated that a 5-10 percent improve­
ment from 1974 quality will result partly as a consequence of
 
satellite data supply such as will be available from the
 
Synchronous Meteorological Satellites (or their operational
 
equivalents) (1 and 2) which can provide national weather
 
pictures updated every 30 minutes, if required, and the
 
global ESRO, Japanese and Russian meteorological satellite
 
programs. Subsequent to this it is expected that there will
 
be a slowdown in accuracy improvement, a suggested 2 percent
 
improvement being thought reasonable, between 1985 and 2000.
 
These improvements in operational forecasting will
 
result from the current research programs which concentrate
 
on expansion of computer models to use more data. Such tech­
niques will increase the vertical layering from six-to-eight­
to-ten layers and employ sophisticated but well-known statis­
tical processing techniques to better control the input data
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and the output numerical values (temperature, relative humid­
ity, pressure, winds, moisture condensed and fallen out)
 
which are developed centrally for the United States and
 
provided to local forecasting offices. Data is developed on
 
a scale of 1000 km and is then analyzed and related statis­
tically to a grid of smaller scale say 200-300 km and this
 
process must be repeated down to the level of local weather
 
forecasting. Errors easily occur and they are not easily
 
recognized. The modelling of physical processes, while
 
recognized as being not fully adequate is in second place in
 
the research programs. Improvement is sought to diminish
 
ignorance, but the concentration is on the computer power and
 
data processing. The thrust seems to be to fully exploit
 
with current physical modelling all the power of data pro­
cessing and statistical techniques of controlling the data,
 
and its numerical derivations. It is considered that fifth
 
generation computers are adequate to current physical modelling.
 
It is conjectured that the principal contribution of
 
an operational SEASAT to local weather forecasting will be in
 
improved determination of surface wind data. Currently wind
 
data improvement is being sought through data processing and
 
statistical procedures and it is thought that the input from
 
SEASAT will only be a second order effect. SEASAT appears to
 
offer a second order improvement to the expected 2 percent
 
forecasting improvement from 1985 to 2000.
 
The weather service does not attempt to predict the
 
time of occurrence of precipitation nor its duration once onset
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has occurred. It does not do so because the problem is a very
 
difficult one in terms of data, computer power and modelling
 
and the result currently obtainable would be no better than a
 
guess.
 
Quality prediction with prediction intervals of less
 
than twelve hours places great demands on computer capability
 
to complete the task in sufficient time for the resulting
 
information to be appropriately disseminated. Currently an
 
18-layer atmospheric model is in existence but it requires
 
about 23 hours of computer time to produce a result, required
 
only twelve hours ahead.
 
Studies have been made by the Weather Service to
 
use data and computer processing to generate 6-hour interval
 
forecasts. The data for this is available but the descriptive
 
equations must be modified to produce a result in a useful
 
length of time considering the evanescent nature of the output.
 
It is therefore very difficult to know, with confi­
dence, that the cost losses calculated are dependent on some
 
current form of weather prediction knowledge. They are most
 
likely based on the current state-of-the-art in prediction of
 
the weather phenomena of interest but it appears to be no more
 
useful than a guess. However, if most ship owners do have
 
some source of weather prediction input to their decisions,
 
the quality of this should be determined since future prediction
 
can only be incremental to what already exists and hence the
 
benefits must also be incremental. At this time the evidence
 
indicates that no weather prediction estimates are used by the
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ship owners so that currently the loss equations should be
 
written with p=O.
 
The dependence of loss production on prediction
 
capability, cannot be resolved by current forecasting knowledge,
 
or by future trends in forecasting improvements according to a
 
number of experts intimately involved with the forecasting
 
process, its difficulties and its expectation. The general
 
contention is, if we could do it, it would already be offered
 
as a service. The question of how well it could be done if an
 
attempt was made is therefore one of conjectural judgment.
 
An attempt will be made to develop some reasonable
 
quantitative estimates of the prediction capability of contin­
uous forecasting during a 4-hour interval. The quantitive
 
estimate will be related to Philadelphia.
 
To give perspective to the prediction problem being
 
addressed, the observed data of Figure 4.11 indicates that, in
 
Philadelphia, there were 15 days during 1974 when preci­
pitation resulting in work loss occurred. The probability of
 
occurrence during 1974 was therefore 0.041.
 
Precipitation days are recorded in Philadelphia.
 
These are the days when more than 0.01 inches of precipitation
 
was measured. The data for 1974 from the Philadelphia Inter­
national Airport recording was:
 
Month J F M A M J J A S 0 N D 
No. of 
Days 13 10 11 10 13 13 8 9 11 2 8 8 
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The total observed number of days is 116 giving a
 
probability of occurrence of measurable precipitation per day
 
of 0.32. Loss precipitation is therefore much less likely to
 
occur' than precipitation days, about which most prediction
 
quality information is available. The weather service dis­
cusses its prediction quality score (the total of precipitation
 
and nonprecipitation) in terms of first, second and third
 
intervals, which are for the first, second and third twelve
 
hours following the forecast.
 
The interest in this problem is most closely repre­
sented by the third interval. Today correct prediction quality
 
drops from about 0.84 (as shown in Figure 4.16 published by
 
the National Weather Service) in the first interval to 0.80
 
in the third interval. Further, if prediction quality in the
 
third interval is 0.80 for a 12-hour interval then for a
 
4-hour interval the prediction quality is estimated to be
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0.80 X 0.82 or 0.74. This then is an estimated prediction
 
during a 4-hour interval from 24 to 36 hours ahead. What
 
is required is an estimate of the prediction quality of con­
tinuous forecasting during the 4-hour interval.
 
It has been suggested by the weather service personnel
 
that this type of precipitation is most likely to require that
 
during the four hours preceeding and following the interval
 
some measurable precipitation should also occur. It is thus
 
suggested that the estimation procedure requires some knowledge
 
of conditional probabilities. These are those that are associ­
ated with the dependence of precipitation in one interval on
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Figure 4.16 Comparison of NIC and WSFOs (193 stations) total precipitation and
 
no precipitation forecasts correct nationally 1966-1973. Morning
 
(0600 GMT) and afternoon (1800 GMT) forecasts for all three
 
periods were averaged over the conterminous United States.
 
94
 
the knowledge of the existence of precipitation in contiguous
 
intervals.
 
Some data relating to this problem, of a research
 
nature, exists in ESSA Technical Memorandum WBTM TDL 31 which
 
was provided by telephone by Lawrence Hughes, Kansas Central
 
Region HQ WWS (186 374 5672). It concerns conditional prob­
abilities for 6-hour intervals, not 4-hour intervals. The
 
data, tabulated below, is understood to have been derived
 
from the basic 12-hour data of the NWS, pertaining to Phila­
delphia, and is based on 15 years of accumulated data.
 
Quarter of the Year Observed Conditional Frequency
 
Dec., Jan., Feb. 0.60
 
Mar., Apr., May 0.54
 
June, July, Aug. 0.48
 
Sep., Oct., Nov. 0.50
 
There are evident seasonal variations, but these will
 
be ignored and an arithmetic average of 0.53 will be assumed
 
for the probability of occurrence of measurable precipitation
 
in a 6-hour interval if measurable precipitation occurred in
 
the previous 6-hour interval.
 
The estimated score for correct brediction during a
 
four hour interval is 0.76. This is the combined score for
 
predicting the conditions (NP;NP) and (P;P). The score for
 
each event is not, however, equal using today's prediction
 
information. The score for the event (P;P) is, in general,
 
about three times that for the event (NP;NP) as shown in
 
Figure 4.17. That is, approximately, the score for the event
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(P;P) is 0.56 and that for the event (NP;NP) is 0.19 on the
 
average.
 
Tentatively, the forecasting score of the event of
 
interest will be estimated to be Q, where
 
Q = [0.56 X (0.53) 2 ] + 0.19 
= 0.16 + 0.19 
= 0.35. 
This is an estimate of the degree of success that
 
would be possible if current methods and data, etc., were em­
ployed to predict the event of interest. It uses the unproven,
 
but reasonable assumption, that measurable precipitation on
 
either side of the time interval of interest is a necessary
 
condition to work stopping precipitation during the whole of
 
the interval. Practically, work stopping precipitation implies
 
that rain may cease for intervals of time of 15-30 minute
 
duration, not sufficiently long to allow work to resume.
 
The forecasting score estimate of the event of inter­
est will be larger than can be obtained in practice because the
 
observable conditional probabilities would be determined with
 
some error.
 
By 1985, forecasting quality in the third interval
 
is expected to increase from 0.80 to 0.84 or 0.88 for reasons
 
previously discussed. It is conjectured that, by 1985, the
 
decline in quality as a result of shifting from 12-hour
 
to 4-hour intervals will remain the same as today because
 
97
 
this form of forecasting will not be of general concern. Thus,
 
the forecasting quality of interest will improve from 0.74 to
 
0.78 or 0.82. The previously employed conditional probability
 
is expected to remain the same and the score relationship to
 
the events (P;P) and (NP;NP) are also expected to remain as
 
they 	are today.
 
Thus, by 1985, the score for the event of interest
 
Q85 will have an expected range as shown below.
 
2
10.58 X (0.53)3 + 0.20 < [0.61 x (0.53) 2 ] + 0.21
 
0.36 < Q85 < 0.38
 
By 2000, an incremental score improvement of 2 percent is
 
expected from that of 1985, i.e., a fundamental scoring im­
provement to 0.86 or 0.90. Based on current knowledge, all
 
the other modifiers of these scores to the scores of interest
 
are expected to remain constant. Hence, the score in 2000,
 
goo' is expected to range as shown below.
 
2
[0.60 X (0.53) + 0.20 < Q00 < [0.62 X (0.53) ] + 0.21 
0.37 < Q00 < 0.38
 
This analysis indicates that, between 1974 and
 
2000, the forecasting quality of the event of interest will
 
improve as a consequence of significant improvements in
 
scoring of the events of major forecasting interest. That is,
 
the analysis assumes that there will be no concerted effort
 
directed to prediction in 4-hour intervals of the event of
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interest to this study. The analysis further indicates a
 
current (1975) capacity to predict the event of interest with
 
a probability of 0.35, although it is fully recognized that
 
there may not be a mechanism for producing this forecast.
 
The significant question, at this juncture, is to
 
estimate what incremental forecasting quality of the event of
 
interest can be associated exclusively with the data supplied
 
by an operational SEASAT. Evidently, such an estimate is
 
extremely difficult to develop because the development of the
 
operational system has not yet begun and because, if surface
 
wind measurement is a prime measurement, the sensitivity of
 
forecasting quality to improvement in knowledge of this para­
meter is unknown. The judgmental qualitative opinion is that
 
SEASAT's influence will be second order.
 
If general forecasting in the third 12-hour inter­
val was perfect, the probability of correct forecasting of
 
the event of interest would be 0.46. This, then, would be
 
the best possible indirect forecast without an attempt to
 
deal specifically with 4-hour interval continuous forecasts.
 
The incremental improvement in forecasting the
 
event of interest by 1985 lies between 0.01 and 0.03 and, by
 
2000, it lies between 0.02 and 0.03. From 1974 to 1985, the
 
average increment in forecasting quality is 0.02; from 1985
 
to 2000, the average increment is 0.005.
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Accepting that SEASAT will be a second order influence
 
only, it is difficult to visualize an incremental forecasting
 
probability in excess of 0.001 due to SEASAT alone.
 
This figure, 0.001, will be employed as the opera­
tional SEASAT's contribution to forecasting quality in deter­
mining SEASAT benefits from the expected loss equations for
 
the ports of Philadelphia.
 
To add perspective to the estimation of predictability
 
discussed here the following statement is presented.
 
4.3.9 Estimation of Benefits
 
Today (1974), it seems reasonable to assume that the
 
probability of predicting the occurrence of events useful to
 
the reduction of nonproductive costs to ship owners in ports
 
and harbors because of precipitation duration is very close to
 
zero.
 
This, it is argued, arises from the difficulty of
 
useful prediction and a resulting lack of interest in 4-hour
 
interval prediction. It is thought, on the basis of limited
 
knowledge and data, that occurrence of the event of interest
 
could be predicted with a probability of about 0.35. This
 
derivation of forecasting inherent capability does not, in any
 
way, consider if the forecasting system is structured to
 
produce and disseminate such a forecast.
 
By 1985, under the impetus of forecasting improvements
 
directed to the more general aspects of forecasting, it is
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POLICY STATEMENT OF THE AMERICAN METEOROLOGICAL SOCIETY ON WEATHER FORECASTING
 
(As adopted by the Council on October 20, 1972)
 
One of the most important activities in the field of meteorology is the preparation of
 
weather forecasts as a vital service to public and private interests. Weather forecasts are
 
used by individuals to guide their daily living and by industry, agriculture, forestry, com­
merce, transportation, and government to guide their operations. The widespread need for
 
accurate advice on expected future weatner conditions and the critical dependence of public
 
safety and welfare upon the quality of such information make it desirable to describe the
 
present weather forecasting capability of the meteorological profession.
 
With the introduction of high-speed computers into numerical weather prediction in recent
 
years, along with improved numerical descriptions of the real atmosphere, and the development
 
of modern observational techniques, such as-radar and weather satellites, forecast accuracy has
 
shown a significant improvement. Although the national economy directly benefits from in­
creased forecast accuracy, the value of a weather forecast depends not only on its accuracy but
 
also on the manner in which it is utilized and the method by and speed with which it is communi­
cated to-users.
 
Forecast accuracy attained by procedures such as predicting that the weather will remain
 
unchanged (persistence), or by predzcting average weatner occurrences based upon past weather
 
records (climatology), or simple variations on these procedures, serve as objective bases for
 
measuring skill. Unless forecast accuracy exceeds levels achieved by basic methods
 
such as these, skill cannot be said to exist. Moreover, skill in weather forecasting varies
 
with the meteorological situation, geographical area, and season-

Weather forecasts prepared by professionally trained personnel presently achieve tne fol­
lowing levels of skill, on the average:
 
For periods up to 48 hours, weather forecasts of considerable skill and utility
 
are attained. Detailed forecasts of weather and its cnanges can be made for the
 
first 36 hours. Probability estimates markedly increase the information content
 
or such forecasts, especially with regard to precipitation occurrence. In this
 
period skill 	is a maximum in predicting the motion and general effects of weather
 
systems having dimensions of five hundred miles or more. However, small-scale fea­
tures imoedded in these systems cause hour-to-hour variations in weather which are
 
difficult to 	predict, especially for local areas with irregular topography. Also.,
 
the exact location of certain highly significant eather phenomena, such as severe
 
thunderstorms 	and tornadoes, cannot be forecast accurately with any degree of skill
 
beyond a few 	hoors, although the general area of severe storm activity may be pre­
dicted up to 	24 nours in advance. Accurate forecasts for infrequent events such as
 
heavy snow, sleet and damaging winds are usually limited to periods nut exceeding
 
24 nours.
 
For periods up to 5 days, daily temperature forecasts of moderate skill and useful­
ness are possible for periods extending to aout 5 days. Precipitaton forecasts
 
to 3 days, at an equivalent level of skill, can be made, but the skill drops to
 
marg-nal levels on the fourth and fifth days.
 
For "eriods of more than 5 days, average temperature conditions for periods from
 
a week up to a tonth or season can be predicted with some slight skill. Day-to­
day or week-to-week forecasts within this time range have not demonstrated skill.
 
There Is some skill in prediction of total precipitation amounts for perlods of
 
5 to 7 days in advance; skill for longer periods is marginal.
 
Recent tneoretical work on atmospheric predictability indicates that the Intrinslc
 
properties of 	tne atmosphere, together wltn the impossibility of ooserving every detail of
 
atmospheric behavior, impose an upper limit for the prediction of day-to-day weather changes.
 
This period is oelieved to me about one to two weeks, depending on the crlteria used to de­
='ne a useful 	forecast. Present day forecasting accuracy, as cited above, falls snort of the
 
theoretical limit. There are also limits to the extent of time for whicn average quantities
 
such as weekly or monthly mean temperatures can be forecast, but theoretical estimates of
 
tnese limits 	are not available as yet.
 
Source: 	 Bulletin American Meteorological Society, Vol. 54,
 
No. 1, January 1973.
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estimated that the prediction probability in the event of
 
interest to this study will have increased to 0.370. Further,
 
by 2000, this probability may have improved to 0.375.
 
The estimates for the future are carried to three
 
decimal places to indicate that changes will occur and that
 
these changes will be very small and not to indicate precision
 
in the estimates. These estimates also assume that general
 
forecasting will not seek to include forecasting of the event
 
of interest to this problem. This assumption seems both
 
reasonable and valid because of the concentration on improving
 
the general forecasting quality with its particular difficulties.
 
The operational SEASAT in 1985 will, it is conjectured,
 
contribute to prediction of the event of interest by the pro­
vision of more accurate and more widely collected surface wind
 
data, which will enter into the general forecasting process.
 
Since there are already computational and statistical schemes
 
in process to improve surface wind data estimates, the contri­
bution of SEASAT alone to the predictability of the event of
 
interest is considered to be second order. It is expected, as
 
an estimate, that SEASAT will produce an increase of predictabi­
lity in 1985 from 0.370 to 0.371 and in 2000 from 0.375 to
 
0.376.
 
Therefore, considering all sources of data, the
 
predictability and its expected improvements for the special
 
event of interest to this problem are not expected to be
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large. The major increment appears to be one that could cur­
rently be made if the actual form of prediction was attempted,
 
by the National Weather Service, and if provision was made for
 
appropriate dissemination of the forecast.
 
The incremental forecasting probability allocated
 
to SEASAT alone is about 20 percent of the increment expected
 
between 1985 and 2000 in forecasting the event of interest.
 
It is also about 1 percent of the maximum attainable increment
 
in forecasting the event of interest, assuming only general
 
forecasting is pursued. The maximum probability increment
 
from 1985 onward is (0.460-0.370)=0.090.
 
Benefits are generated from estimates of the expected
 
savings in avoidable losses that result from forecasting prob­
ability improvements for each pertinent type of shipping in the
 
ports of Philadelphia, i.e., breakbulk, bulk (dry) and con­
tainer. Tanker type shipping or bulk wet is not included
 
because its operation does not require longshore labor.
 
Tables 4.6, 4.7 and 4.8 identify the per-ship costs
 
and savings in 1974 dollars for breakbulk, dry bulk, and con­
tainer shipping derived by insertion of the noted probabilities
 
p in the loss equations. The losses and savings depend on the
 
ship daily operating costs and on the ship berthing status
 
which determines the ship dockage costs.
 
Tables 4.9, 4.10 and 4.11 translate the data of
 
Tables 4.6, 4.7 and 4.8 into maximum and realizable annual
 
benefits, based on the number of ships in each category per
 
Ship 
Operating 

Costs 

S/day 

10000 

10000 

1500 

1500 

All costs 

Table 4.6 

Ship 

Berthing 

Status 

working 

idle 

working 

idle 

are $1974.
 
a Consequence
Avoidable Nonproductive Losses and Savings Per Ship as 

of correct Weather rorecasting Probability. Ports of Philadelphia -

Breakbulk Shipping
 
1974(P=O) 1977(P=0.35) 1985(P=0.37) 2000(P=0.375) 1985-2000
 
Expected Expected Expected Expected SEASAT Expected
 
Avoidable Avoidable Avoidable Avoidable Avoidable Loss
 
Loss Loss Savings Loss Savings Loss Savings Savings ($)
 
() ($) ($) () p=0.001
 
2542 889.70 940.54 953.25 2.54 
2417 854.95 894.29 906.38 2.42
 
1184 414.40 438.08 444.00 1.18
 
1058 370.30 391.46 396.75 1.05
 
W 
0 
Table 4.7 Avoidable Nonproductive Costs and Savings Per Ship as a Consequence 
of Correct Weather Forecasting Probability. Ports of Philadelphia -
Ship 

Operating Ship 

Costs Berthing 

s/day Status 

10000 working 

10000 idle 

1500 working 

1500 idle 

All costs are $1974.
 
Dry Bulk Shipping
 
1974 (P=O) 

Expected 

Avoidable 

Loss 

M$) 

2133 

1902 

774 

543 

19??(P=0.35) 

Expected 

Avoidable 

Loss savings 

($) 

746.55 

665.70 

270.90 

190.05 

1985 (P=0.37) 

Expected 

Avoidable 

Loss Savings 

(M) 

789.21 

703.74 

286.38 

200.91 

2000(P=0.375) 

Expected 

Avoidable 

Loss Savings 

() 

799.88 

713.25 

290'.25 

203..63 

1985-2000
 
SEASAT Expected
 
Avoidable Loss
 
Savings ($)
 
Ap=0.001
 
2.13
 
1.90
 
0.77
 
0.54
 
Table 4.8 

Ship 

Operating Ship 

Costs Berthing 

S/day Status 

10000 working 

10000 idle 

1500 
. working 
1500 idle 

All costs are $1974.
 
Avoidable Nonproductive Costs and Savings Per Ship 
as a Consequence
of Correct Weather Forecasting Probability. Ports of Philadelphia 
-
Container Shipping 
1974(P=O) 1977(P-0.35) 1985(P=0.37) 
 2000(P=0.375)
Expected Expected Expected 
 Expected

Avoidable Avoidable 
 Avoidable 
 Avoidable 

Loss Loss Savings Loss Savings 
 Loss Savings
($) ($ () ($) 

2340 819.00 865.80 
 877.50 

2131 745.85 
 788.47 
 799.13 

981 343.35 
 362.97 
 368.88 

772 270.20 285.64 
 289.50 

1985-2000 
SEASAT Expected 
Avoidable Loss 
Savings ($3 
Ap=0.001
 
2.34
 
2.13
 
0.98
 
0.77
 
pH 
Table 4.9 Annual Benefits, Ports of Philadelphia - Breakbulk shipping 
Sh1p 
Operating 
Costs 
S/day 
Ship 
Berthing 
Status 
1974 
Maximum 
Benefit 
$ 
Estimated Realizable 
Annual Benefit from 
Appropriate Weather 
Forecasting 
1985($) 2000($) 
Estimated Range of 
Realizable Annual 
Incremental Benefit 
from SEASAT 
1985-2000 ($) 
10000 
10000 
1500 
1500 
working 
idle 
working 
idle 
3,421,532 
3,253,282 
1,593,664 
1,424,068 
1,746,583 
1,660,697 
813,515 
726,941 
1,770,185 
1,683,148 
824,508 
736,765 
3,679 
3,505 
1,709 
1,'521 
4,717 
4,49'4 
2,191 
1,950 
6,174 
5,887 
2,870 
2,555 
Number of breakbulk 
Ships per annum 
1974 
1346 
Growth factor 
1.38 
1985-2000(estimate) 
1857 
All benefits have a range 431%, - 22% abDut quoted value based on port climatology. 
All costs are $1974. 
0 
0 
Table 4.10 Annual Benefits, Ports of Philadelphia - Dry Bulk Shipping 
Ship 
Operating 
Costs 
$/day 
Ship 
Berthing 
Status 
1974 
Maximum 
Benefit 
$ 
Estimated Realizable 
Annual Benefit from 
Appropriate Weather 
Forecasting 
1985($) 2000 (M) 
Estimated Range of 
Realizable Annual 
Incremental Benefit 
from SEASAT 
1985-2000 ($) 
10000 
10000 
1500 
1500 
working 
idle 
working 
idle 
2,512,674 
2,240,556 
911,772 
639,654 
1,320,348 
1,177,357 
479,114 
336,122 
1,338,199 
1,193,267 
485,588 
340,673 
2,779 
2,480 
1,005 
704 
3,563 
3,179 
1,288 
903 
4,668 
4,164 
1,687 
1,183 
Number of dry bulk 
Ships per annum 
1974 
1178 
Groiath factor 
1.42 
1985-2000 
1673 
All benefits have a range +31%, - 22% about quoted value based on port climatology, 
All costs are $1974. 
C 
Table 4.11 Annual BenefiLs, Ports of Philadelphia - Container Shipping 
Ship 
Operating 
Costs 
$/day 
Ship 
Berthing 
Status 
1974 
Maximum 
Benefit. 
$ 
Estimated Realizable 
Annual Benefit from 
Appropriate Weather 
Forecasting 
1985) 2000 ($) 
Estimated Range of 
Realizable Annual 
Incremental Benefit 
from SEASAT 
1985-2000 ($) 
10000 
10000 
1500 
1500 
working 
idle 
working 
idle 
608,400 
554,060 
255,060 
200,720 
513,419 
467,563 
215,241 
169,385 
520,358 
473,991 
218,746 
171,674 
1;083 
985 
453 
- 184 
-1,388 
1,263 
581 
457 
1,818 
1,655 
761 
599 
Number of container ships 
per annum 
1974 
260 
Growth factor 
2.28 
1985-2000 
593 
All benefits have a range +31%, - 22% about quoted value based on port climatology. 
All costs are $1974. 
H 
0 
wc 
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annum in the port and of the growth predicted for each ship
 
category by 1985-2000. Benefits all have associated with them
 
a range based oh port climatology'with respect to annual preci­
pitation. The range for the incremental realizable benefit
 
exclusively allocated to SEASAT is specified.
 
Table 4.12 sums the realizable incremental annual
 
benefits exclusive to SEASAT for all the shipping categories in
 
the port.
 
Table 4.13 sums the realizable annual benefits from
 
appropriately applied weather forecasting for all the shipping
 
categories in the port.
 
it is important to stress that realizable benefits,
 
including those exclusive to SEASAT, are dependent on the
 
application of available weather forecasting information to the
 
specialized forecasting requirements of this problem. Currently,
 
this form of forecasting is not available. It would, therefore,
 
require a specific implementation and dissemination.
 
Table 4.12 	 Realizable Incremental Annual Benefit Exclusive to SEASAT 1985-2000
 
Ports of Philadelphia - Combining lreakbulk, Bulk and Container

shipping
 
Ship
 
Operating Ship Realizable Incremental
 
Costs Berthing Benefit Range
 
$/day Status Exclusive to SEASAT MS)
 
10000 working 	 7,541 9,668 12,665
 
10000 
 idle 	 6,970 8,936 1,1,706 
3500 working 	 2,169 4,060 5,319
 
1500 idle 	 2,5821 3,310 4,336
 
The range quoted for benefits is a result of port climatology.
 
All benefits are in $1974.
 
Table 4.13 	 Annual Benefits from Appropriately Applied Weather Forecasting.
 
Ports of Philadelphia - Breakbulk, Bulk, Container Shipping
 
Combined
 
Ship 
1985 Operating Ship 
Maximum Annual Realizable Benefits Costs Berthing 
Benefit 1985- M) 2000 S/day Status 
9,305,666 3,580,350 3,628,742 	 10000 working
 
8,934,376 3,305,617 3,350,406 10000 idle
 
4,075,509 1,507,870 1,528,8'2 1500 working
 
3,331,165 1,232,448 1,249,112 1500 idle
 
I I 
All benefits have a range +31% - 22% about q:uoted value based on port climatology,
 
All benefits are in $1974.
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5. ESTIMATION OF NATIONAL BENEFITS
 
Introduction
 
The data and its analysis for the ports of Philadelphia
 
will be used as a model basis for estimating the national
 
benefits to ports and harbors from SEASAT's data integration.
 
To generate a national benefit, each of the remaining
 
116 ports and harbors in the United States must be composed
 
into an equivalent to ports of Philadelphia in terms that are
 
appropriate to the process of benefit development.
 
Equivalence requires that the following parameters be
 
transformed by a ratio procedure:
 
1. 	 precipitation loss days
 
2. 	 the breakdown of shipping arrival traffic
 
3. 	 the wage, benefit and overhead cost of long­
shore labor.
 
Precipitation loss days will be transformed through
 
port precipitation climatology, in particular through the
 
annual mean precipitation relative to Philadelphia. The range
 
of national cost losses in ports and harbors will be defined
 
in terms of an average precipitation climatological variation
 
for all the ports of the United States.
 
The breakdown of shipping arrival traffic in other
 
ports will be collected from each port. In general, the data
 
obtained will be very diverse and quite different from that in
 
113
 
Philadelphia. Each Port Authority or Marine Exchange or Pilot's
 
Association collects shipping data according to its own needs
 
or according to requirements of the U.S. Department of Commerce
 
or the U.S. Corps of Engineers. These requirements are not
 
those of this problem that is concerned with the utilization of
 
labor in loading and unloading shipping. Interpretation of the
 
data available is, therefore, required in many cases and these
 
interpretations will be documented in Appendix A.
 
The costs to ship owners for longshoremen labor are
 
not generally easy to obtain since each port has very many
 
stevedoring companies or their equivalents that operate terminals
 
and costs are a factor in competition among these stevedoring
 
companies. It would be a monumental task to solicit the
 
nation's stevedoring companies with, in general, little expecta­
tion of success. Regional labor cost factors could be applied
 
to the Philadelphia costs, but, in this study, they have not
 
been used and the Philadelphia costs have been held constant
 
throughout.
 
Many random effects are evident in determining non­
productive costs to ship owners in ports as a result of
 
precipitation loss. These are concerned with the number of
 
ships and the number of gangs called to service them on a
 
precipitation day; whether a precipitation day occurs at the
 
weekend and, thus, is chargeable at time and one half, etc.
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Random effects of this type require either very fine accounting
 
of detail in each port or can be subsumed into averages. In
 
this study, averages have generally been employed.
 
There are, in the United States, 11 major ports
 
which handle over 90 percent of the shipping traffic in the
 
United States. The remaining 106 minor ports have been
 
subsumed into a multiplication factor of the results for the
 
eleven major ports.
 
Development of benefits from ports and harbors
 
requires the projection of shipping growth into each port
 
between 1985 and 2000 in the categories of shipping that are
 
significant to this problem. Some general trends ate apparent.
 
Shipped tonnages tend to grow at about 2 percent per year but
 
the economics of vessel employment tend to reduce the number
 
of ships required by making them larger. Economics again,
 
then, requires that vessel turnaround be reduced to a minimum,
 
thus demanding expeditious loading and unloading and collec­
tion of cargoes. Most ports thus seek to indicate a growth
 
in container, but Lash and Seabee concepts compete with
 
palletized and unitized cargo concepts for general breakbulk
 
cargoes. It does not seem possible to containerize all break­
bulk cargoes and it seems likely that only a few ports will
 
actually enjoy a large growth in container shipping. Bulk
 
cargoes, wet and dry, are projected for the import-export
 
trade to double in tonnage in the next ten years and to
 
double again by 1995 dominated by VLCC tankers and OBO deep
 
OF TM-REPRODUCBILITY 
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draft vessels. However, practically, no U.S. port can berth
 
the large vessels proposed and offshore unloading is not
 
always seen as being economically advantageous to the regions
 
served by a port. In addition, there is. the mini-bridge
 
concept which transfers hemispheric traffic between the east
 
and west of the United States by rail transportation, thus
 
reducing the need for shipping and causing pressures for
 
regulation.
 
These brief notes are introduced here only to
 
indicate that the rules for projection of the change in
 
number of ship arrivals in U.S. ports to 2000 are complex.
 
Development of the National Benefit
 
5.2.1 Vessel Arrivals at Major U.S. Ports
 
The totals of vessel arrivals of the eleven major
 
U.S. ports are given in Table 5.1 from 1962 to the present.
 
In general, the actual numbers are never quite firm
 
because what constitutes a ship is not unified in concept for
 
each port.
 
The general trend of decline in the total number of
 
ship arrivals is clearly indicated by the cited table.
 
Figure 5.1 indicates, in Table No. 992, the total
 
number of vessels that arrived annually or averaged per annum.
 
Comparison of the data in Figure 5.1 and in Table 5.1 indi­
cates that, on the average, about 90.6 percent of all vessel
 
arrivals are handled by the 11 major ports.
 
Table 5.1 Vessel Arrivals of Major U.S. Ports 
PORT 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 
New York 
Philadelphia 
Baltimore 
Hampton Roads 
Boston 
San Francisco 
Los Angeles 
New Orleans 
Houston 
Seattle 
Portland, Ore. 
Total 
12,838 
6,697 
5,284 
5,424 
2,275 
4,777 
5,056 
4,821 
4,204 
2,156 
1,986 
55,518 
12,448 
6,548 
5,329 
5,339 
2,189 
4,253 
4,754 
4,755 
3,919 
2,146 
2,102 
53,782 
12,,289 
6,901 
5,367 
5,683 
2,109 
4,566 
4,743 
5,276 
4,194 
2,090 
1,977 
55,195 
11,564 
6,425 
4,997 
5,240 
2,039 
4,710 
4,732 
4,496 
3,805 
2,213 
2,031 
52,252 
12,115 
5,572 
5,104 
5,248 
1,975 
5,088 
5,090 
4,810 
4,316 
2,353 
2,155 
54,826 
11,462 
6,396 
4,683 
5,104 
1,896 
5,186 
5,250 
4,570 
4,229 
2,491 
2,122 
53,386 
10,395 
5,694 
4,348 
4,557 
1,705 
5,213 
5,520 
4,633 
4,255 
2,453 
2,088 
50,861 
10,110 
5,406 
4,031 
4,424 
1,57-4 
5,136 
5,019 
4,143 
3,504 
2,456 
2,076 
47,879 
10,338 
5,817 
4,661 
4,882 
1,736 
4,642 
5,022 
4,630 
4,009 
2,481 
2,019 
50,237 
9,066 
5,064 
3,988 
4,075 
1,525 
4,099 
4,000 
4,231 
4,035 
1,810 
1,637 
43,530 
Sources: The Maritime Association of the Port of New York. 
The Philadelphia Maritime Exchange. 
0) 
Table 5.1 Vessel Arrivals of Major U.S. Ports (Cont'd) 
PORT 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 
New York 
Philadelphia 
Baltimore 
Hampton Roads 
Boston 
San Francisco 
Los Angeles -
Long Branch 
flow Orleans 
Houston 
Seattle 
Portland, Ore. 
Total 
9,347 
5,147 
4,392 
4,389 
1,549 
4,330 
4,718 
4,635 
4,171 
2,249 
1,930 
46,859 
9,093 
5,127 
4,334 
4,312 
1,629 
4,243 
5,019 
4,924 
4,805 
2,331 
2,133 
47,950 
8,375 
4,814 
4,193 
3,934 
1,280 
3,855 
5,702 
4,865 
4,413 
1,966 
Sources: The MariLime Association of the Port of 
The Philadelphia Maritime Exchange, 
1974 and Corrections 
- Collected. 
New York. 
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5.2.2 Port Climatolcigical Precipitation
 
Local climatological data for points close to the
 
11 major ports are available as publications from the U.S.
 
Department of Commerce, National Oceanic and Atmospheric
 
Administration Environmental Data Service. The current avail­
able issue extends to 1973.
 
Total precipitation and total snowfall is tabulated
 
for each month of the year and summed for each year and then
 
averaged over the years for each month for the year.
 
This data has been abstracted and tabulated in Table
 
5.2 from which mean values for each port relative to Philadel­
phia have been determined and a national range has been computed
 
in terms of actual recorded annual precipitation in 1974 in
 
Philadelphia.
 
Thus, the row (mean)/(mean Philadelphia) represents
 
the major port precipitation multiplier and the national mean
 
range for modifying benefits because of precipitation is cal­
culated to be -37.5 percent; +42.4 percent.
 
5.2..3 Port Shipping Breakdown for 1974
 
Shipping breakdown data was collected from various
 
sources for each of the major ports and is shown in Table
 
5.3.
 
Data was not always in an appropriate form and, in
 
these cases, the shipping breakdown was deduced. The process
 
of deduction is presented in Appendix A. In Table 5.3, the
 
indicated where underlined.
received data is 

[ .1 -,u now 
Table 5.2 Major U.S. 
zl;y Ilanpton 
I altmore 
Port Climatological Precipitation 
Ve w Lo nIg San 
Or ns ouston Juglcs Beach Franci.,co PorLlad Seattle 
29.34 
49.63 
23.71 
62.32 
22.17 
51.35 
27.89 
53.33 
26.67 
57.70 
40.17 
83.54 
28.32 
72.,06 
3.12 
23.91 
2.58 
20.02 
9.20 
32.91 
25.70 
51.09 
23.78 
55.14 
.;1.09 41.52 42.$ 41.33 45.15 58.13 46.90 12.'04 9.56 19.01 37.06 
.20.25 
.":.I 
:.,i 
_ 
1 
37.7a 
1.010 1.031 1.006 1.099 
___average 
1.415 1.142 0.263 0.463 0.922 0.980 
0.777 0.624 0.507 
1.59 
0.738 
.1.650412 
0.706 
1.529 
1.063 
2.211 
0.750 
1.929 
0.075 
0.502 
0.2,14 
0.871 
0.680 
1.350 
0.629 
1.460 
6.877 
15.667 
mean 
0.625 
1.424 
fH 
C 
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Table 5.3" Major U.S. Port 1974 Breakdown 
Port jerakbnlk Contae j Dry Bulk Tanker Passenger Other 
Philadelphia I 
(4,814) 1,346 260 1,178 2,015 15 
Boston 
(1,2801 196 276 132 633 24 19 
NY/NJ 
(8,375) 1,249 1,364 2,708 2,732 319 
Balt more 
(4,193) 1.162 770 1,764 497 -- ---
Hampton Roads 
(3,934) 1,310- 662 454- 428 28 218 
New Orleans 
(4,779) 3,452 143 830 --- 354 
Houston 
(4,413) 1,428 156 1,219 1,610 ---
Los Angeles
Long Beach 
I 
(5,702) 2,432 508 470 1,742 193 357 
San Francisco 
(3,855) 1,655 120 762 1,147 105 66 
Portland 
(1,966) 634 191 831 262 --- 28 
Seattle 
(2,334) 1,014 528 304 292 184 112 
indicates 	data provided, remainder were deduced.
 
exc.des 814 coal ships handled by railroad labor. 
Numbers under ports in parentheses are shipping arrival totals 
Seattle based on 1973 data. 
The dry bulk traffic at the port of Hampton Roads was
 
reduced by 814 coal ships which are loaded and unloaded by rail­
road personnel and not ILA labor.
 
5.2.4 	 Climatology and Shipping Breakdown
 
Equivalenaes
 
In the ports of Philadelphia, the number of precipita­
tion days per annum and the number of ships berthed on any day
 
combine to generate, by multiplication, the total number of ships
 
Der annum that can incur nonproductive costs from called labor.
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For any other port, these two factors will play the same role and
 
the multiplicative factor relative to Philadelphia will define the
 
loss for each particular port. This implies that loss precipita­
tion days are linearly related to mean annual precipitation and
 
that the number of ships that can be berthed in any day at a port
 
is not restricted by the number of ships arriving at the port.
 
The former implication is conjectural, the latter implication
 
seems reasonable for most ports.
 
It is not at all clear that the frequency with which
 
there is precipitation in a port at 8 a.m. which will continue
 
until noon is- linearly related to the average annual precipita­
tion in that port. It seems reasonable to assume that the two
 
factors are related, but it is not clear that the functional
 
relationship is linear. But then, no functional relationship has
 
been found and the linear one is accepted in order to determine
 
an answer.
 
The combination influences are given in Tables 5.4,
 
5.5 and 5.6 for equivalences for East Coast, Gulf Coast and
 
West Coast major U.S. ports and the equivalences when summed
 
provide benefit multipliers for the different categories of
 
ships being considered.
 
It is observed that, for the East Coast, container
 
traffic is very significant; for the Gulf Coast, breakbulk
 
traffic predominates; while on the West Coast there is a
 
strong climatological influence.
 
Table 5.4 East Coast Ports Equivalences 
(5 Ports) 
Port 
Philadelphia 
Boston 
NY/NJ 
Baltimore 
Hampton Roads 
Climatology 
Factor 
1. 
1.010 
1.031 
1.006 
1.099 
BREAKBULK 
Without With 
Climatology Climatology 
1. 1. 
0.147 0.148 
0.935 0.964 
0.870 0.875 
0.989 1.087 
3.941 4.074 
CONTAINER 
Without With 
Climatology Climatology 
1. 1. 
1.061 1.072 
5.246 5.409 
2.961 2.979 
2.546 2.798 
12.814 13.258 
DRY BULK 
Without With 
Climatology Climatology 
1. 1. 
0.112 0.113 
2.299 2.370 
1.498 1.507 
0.394 0.433 
5.303 5.423 
This benefit multipliers for the 5 major East Coast U.S. Ports for 1974 are: 
For breakbulk ships 
For container ships 
For dry bulk ships 
4.074 
13.258 
5.423. 
to 
Table 5.5 Gulf Coast Ports Equivalences
 
(2 Ports)
 
BREAKBULK CONTAINER DRY BULK
 
Climatology Without With Without With Without With
 
Port Factor Climatology Climatology Climatology Climatology Climatology Climatology
 
Philadelphia 1. 1. 1. 1. 1. 1. 1.
 
Houston 1.142 1.061 1.212 0.601 0.686 1.035 1.182
 
New Orleans 1.415 2.565 3.629 0.550 0,778 0.705 0.998
 
3.626 4.841 1.151 1.464 1.740 2.180
 
This benefit multipliers for the 2 major Gulf Coast U.S. Ports for 1974 are:
 
For breakbulk ships 4.841
 
For container ships 1.464
 
For dry bulk ships 2.180.
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Table 5.6 West Coast Ports Equivalences
 
(4 Ports)
 
BREAKBULK CONTAINER DRY BULK 
Climatology Without With Without With Without With 
Port Factor Climatology Climatology Climatology Climatology Climatology Climatology 
Philadelphia 1. 1. 1. 1. 1. 1. 1. 
San Francisco 0.463 1.230 0.569 0.462 0.214 0.646 0.299 
Los Angeles 
0.263 1.80V 0.475 1.954 0.514 0.399 0.105 
Long Beach 
Seattle 0.980 0.753 0.738 2.031 1.990 0.258 0.253 
Portland 0.922 0.471 0.434 0.735 0.678 0.722 0.666 
4.261 2.216 5.182 3.396 2.025 1.323 
Note: Seattle based on 1973 data
 
The benefit multipliers for the 4 major West Coast U.S. Ports for 1974 are,
 
For breakbulk ships 2.216
 
For container ships 3.396
 
For dry bulk ships 1.323.
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The benefit multipliers for each coast are summed in
 
Table 5.7 to give an equivalence for the major ports which is
 
then multiplied by 1.104 to give a national equivalence to
 
account for the traffic in the minor ports. The minor port
 
traffic is implicitly assumed to be structured like the average
 
traffic in the major ports. This assumption is not proven, and
 
seems unlikely to be true, since minor port handling of container
 
traffic is expected to be negligible. Because the increment is
 
10 percent, it has been applied uniformly.
 
5.2.5 1974 Benefits Exclusive to SEASAT
 
Benefits exclusive to SEASAT, decribed as 1974 bene­
fits, are developed nationally in Table 5.8. The benefits are
 
described as 1974 benefits although 1974 shipping breakdowns
 
are used in combination with an operational, 1985, SEASAT
 
capability. By 1985, shipping breakdowns are expected to
 
exhibit growth factors. These growth factors are not known at
 
this time nationally, although estimates are available for the
 
ports of Philadelphia.
 
It is to be recalled that the integration of SEASAT
 
data is assumed to provide an increment equivalent to 20
 
percent of that expected to develop through general forecast­
ing improvements up to 2000, as applied to the forecasting
 
probability of the event of interest. Alternatively, the
 
SEASAT data integration is 1/90 of the absolute maximum
 
improvement in general forecasting quality, as applied to the
 
forecasting probability of the event of interest to this
 
Table 5.7 1T74 Benefit Multipliers
 
National
 
East Coast Gulf Coast We4t Coast Major 
Port Equivalence
 
1.104
Ship Equivalences Equivalences EquLvalonces Equivalences 
(5 ports) (2 ports) (4 ports) (11 ports) (11 ports)Type 

2.216 11.121 12.278
Breakbulk 4.074 4.841 

3.396 18.118 20.002
Container 13.258 1.464 

Dry Bulk 5.423 2.180 1.323 8.926 9.854
 
Benefits to Ports and Harbors Exclusive and
 
Incremental to SEASAT Data Integration
 
Table 5.8 1974 Annual National 

Range of
Ship BREAKBULK DRY BULK CONTAINER 

Operating Ship 1974
 
Costs Berthing Phila National Phila ational Phila National National
 
$ $ $ $ $ BenefitS/day Status $ 

41,966 2,509 24,724 609 12,181 49,294 78,871 112,312
10000 working 3,148 
10000 idle 3,256 39,977 2,239 22,'063 554 11,081 45,701 73,121 104,124 
907 8,938 255 5,101 20,960 33,536 47,7551500 working 1,508 19,497 

1560 idle 1,413' 17,349 636 6,267 200 4,000 17,260 27,616 39,325
 
-442 .4% 
The 1974 National Benefit has an associated range, based on climatological precipitation 37.5% . 
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problem. This absolute maximum assumes that general forecasting
 
will achieve a forecasting probability of unity.
 
Philadelphia's 1974 benefits are derived from
 
Tables 4.9, 4.10 and 4.11 by discounting the 1985-2000 bene­
fits by the related shipping growth factors. The national
 
benefits are determined by multiplying the Philadelphia 1974
 
benefits by the national benefit multipliers.
 
5.2.6 General National Annual Losses and Benefits
 
To put the SEASAT incremental benefits in perspective,
 
the national annual maximum avoidable loss to ship owners from
 
precipitation in ports and harbors has been calculated. This is
 
a national annual loss for 1974, and is shown in Table 5.9.
 
Maximum avoidable losses for other years require the prediction
 
of shipping traffic variations as a function of time, data
 
which is not currently collected. Of this maximum loss, a
 
certain loss saving or assumed annual benefit to ship owners is
 
realizable. This benefit is presented in Table 5.10. These
 
benefits assume a 1974 national shipping distribution combined
 
with a weather forecasting capability estimated to be possible
 
in 1985-2000. This capability can only be realized if its
 
implementation is specifically developed for this application.
 
The annual maximum benefits result from multiplying
 
the 1974 maximum benefits of Tables 4.9, 4.10 and 4.11, by the
 
national equivalences for 1974. For the annual realizable
 
benefits, take the 1985 realizable benefits of Tables 4.9, 4.10
 
and 4.11 discounted by the tabulated growth factors and
 
multiplied by the national equivalences for 1974.
 
Table 5.9 1974 National 
Procipitation 
Annual Maximum Avoidable 
in Ports and lilabors 
Losses to Ship Owners from 
Ship TYPE OF SHIPPING National 
Daily Ship Total 
Operating Berthing Breakbulk Dry Bulk Container Annual 
Costs M) Status $ $ $ $ 
10000 working •42,009,569 24,759,889 12,169,216 78,938,674 
10000 idle 39,943,796 22,078,438 11,082,308 73,104,542 
1500 working 19,567,006 8,984,601 5,1i01,710 33,653,317 
1500 idle 17,484,706 6,303,151 4,014,801 27,802,658 
* Losses have a range +42.4% 37.5% due to climatology. 
-37.5% 
Table 5. 0 1974 EstimaLed National Annual Benefit. t:o Ship Owners 
AppropriaLely Applied weather l'orecasting, from all 
Sources, Lo PoIts and Harbors 
from 
Ship 
Daily 
Operating 
Costs () 
Ship 
Berthing 
Status 
Breakbulk 
$ 
TYPE 01' SHIPPING 
Dry Bulk 
$ 
Container 
$ 
National 
Total 
Annual 
$ 
10000 
10000 
1500 
1500 
working 
idle 
working 
idle 
15 
14 
7 
6 
539 
775 
237 
467 
348 
221 
843 
594 
9 
8 
3 
2 
161 
169 
324 
332 
895 
680 
572 
351 
4 
4 
1 
1 
504 
101 
888 
486 
225 
430 
309 
015 
29 
27 
12 
6 
206 
046 
4'50 
285 
468 
831 
724 
960 
Assumptions 
* 
* 
* 
National Shipping Arriv.il Distribution for 1974 
1985-2000 Weather Forec tsting Capability 
Implemented Weather Forecasting Quality for Use 
in Ports and Harbors 
Benefits have a 442.4% range -37.5% due to )orts climatology, 
0 
5.3 
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Generalization of the Ports and Harbors
 
Case Study
 
5.3.1 Introduction
 
The generalization that will be developed will be
 
restricted to estimating the changes in shipping traffic
 
arrivals in U.S. ports. The generalization will be directed
 
to the time interval 1985-2000.
 
In the case study, shipping arrivals were categorized
 
according to the laborer's handling the cargo as breakbulk,
 
dry bulk and container shipping. The generalization requires,
 
for each port, the development of the changes in these ship­
ping arrivals with time. The influence of local climate on
 
the results of the generalization requires that each port be
 
treated individually. Such a treatment however adds greatly
 
to the complexity of generalization.
 
The complexity arises not so much from estimating
 
the trends in growth of world trade with the United States
 
or from changes in the commodities transported but from the
 
current and continuing substantial activity in evaluating
 
economical modes of sea and inter-modal transportation,
 
including offshore systems and their associated concepts for
 
feeder transportation.
 
Shipping economies seem to clearly indicate the
 
advantages of larger vessels. To support the income in ship
 
productivity vast improvement in cargo storage and cargo
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handling are necessary for both import and export commodities,
 
specifically in non-full tonnages. The cargoes of concern are
 
not the day bulk commodities such as sugar, iron ore, wheat,
 
etc., which are shipped as homogeneous cargoes in specialized
 
vessels which today are loaded and unloaded with the maximum of
 
automation and machine handling. It is the general cargo and
 
its subdivision as breakbulk and containerized cargo that is
 
undergoing transition.
 
This transition leads to competitive interaction
 
among the major ports because a large number of inderdepen­
dencies result from attempts to create economical transpor­
tation.
 
For example, larger container ships with their con­
sequent increase in draught imply the requirement for public
 
financing approval to engineer 'a port to properly service the
 
vessels. The railroads with containers and trailer-on-flatcar/
 
container-on-flatcar (TOFC/COFC) cargoes have foreseen a means
 
for short circuiting the Panama Canal giving rise to the mini­
bridge transportation concept. The regulatory concepts,
 
programs and implementations of the Interstate Commerce Com­
mission and the Federal Maritime Commission on motor and rail
 
tariffs will influence the development of the mini-bridge
 
implementation. There are difficulties within the marine
 
insurance underwriters in structuring liabilities for container
 
and inter-modal traffic. The Jones Act by requiring inter-U.S.
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port feeder traffic to be U.S. flag operated encourages foreign
 
flag shipping to utilize Canadian ports and foreign feeder
 
vessels. Intense developments in technology will allow commod­
ities to be effectively containerized that today cannot be and
 
also are likely to produce more efficient port handling equip­
ment for cargo handling. All in all the trend is to shift port
 
operations from being labor intensive to being capital intensive.
 
It is however most difficult to estimate what the results of
 
competition amongst each of the maj'or ports will be as they
 
initiate and undertake vigorous marketing programs to maximize
 
their shares of containerizable cargo capture, import, export
 
and domestic.
 
Some of the great variability in estimation of
 
container shipping growth is illustrated by Figure 5.2
 
taken from a report by C.E. Maguire Inc., in a container faci­
lities feasibility study for the Massachusetts Port Authority.
 
It results in a 4:1 variation in facilities requirements. The
 
report recommends that there should be added to the current
 
facilities capacity of 140,000 20-foot equivalent containers
 
(teu), two additional berths to give a total capacity of
 
240,000 (teu), to be available by 1978. This is a recommended
 
growth factor of about 1.7, instead of a max-imum of 2.8.
 
Ship size will influence the labor demand and the
 
time to unload. Hence, the influence of weather even for
 
equivalent magnitudes of cargo because of the reduction of
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Maximum Growth Projection 
If one were to assume that growth and conversion of both 
foreign and domestic traffic would be coupled with major 
recapture from the Prime Market Area plus .the addition of 
even a small percentage of increased traffic from the 
Secondary Market Area, the facility requirement projection 
would rise to some 360,000 TEU's by 1990. While it is felt 
that this number is unrealistic and represents a level of 
optimism unjustified by the existing or future condition of 
the container industry in the North Atlantic, it is provided as 
a point of reference. 
The various combinations of cargo sources upon which traffic 
tcan be forecast and the resulting facility requirements in 
TEU's can be summarised are as follows: 
Facility Facility 
Requirements Requirements 
Source 1980 1990 
Basic Foreign Trade Only 76,300 98,200 
Basic Foreign Trade Plus 
Recapture of Prime Market 148,100 184,400 
Growth and Conversion 
Domestic and Foreign 185,000 271,300 
Domestic and Foreign Plus 
Major Recapture 266,900 360,000 
Figure 5.2 Port of Boston
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vessel preparation time. Current average container ship
 
capacity is about 370 (teu) ; the modern Japanese vessel of
 
today carries about 2000 (teu) and the super containership
 
will carry 3000 (teu). How such a size of cargo will relate
 
to the statistics of the case study is not known. General
 
statements are made that ship productivity will improve by a
 
factor 3 and dock labor and resources productivity by a
 
factor 10.
 
The U.S. Maritime Administration (MARAD) proj,ec­
tions for the import and export trade indicate that by 1990,
 
1787 million long tons of cargo will be involved or more than
 
three times the volume of 1971. Alternatively they project
 
that the tonnage in the next ten years will double and by 1995
 
it will double again. In these projections liquid and dry bulk
 
are expected to predominate. MARAD also forecasts that by 1980
 
import and export containers across U.S. piers will have in­
creased from 2.4 million (teu) in 1968 to 3 million (teu) in
 
1975 to 3.6 million (teu) in 1980, an increase of about 20 per­
cent from today. Projections of this type are difficult to
 
use rigorously without knowing the current capacity of all
 
the major ports.
 
Capital expenditures in the ports for the years 1966­
1972 and proposed capital expenditures for the years 1972-1977
 
have also been collected by MARAD and are shown in Figure 5.3.
 
These expenditures, according to MARAD do not adequately
 
represent private expenditures. The large expenditure on
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NORTH AMERICAN PORT 
CAPITAL EXPENDITURES, 1966-72 
(in millions of $) 
Bulk 
General Spec. Gen. Liquid Region % Grand 
Region Cargo Cargo & Dry Total Total 
North Atlantic 110.9 193.9 120.4 4522 34% South Atlanzic 56.4 25.2 27.1 108.7 9% 
Gulf Coast 55.4 19.0 107.3 181.8 14% " 
Pacific Coast 81 2 164.6 62.8 308.7 24% 
Alaska, Hawaii, 7.4 28.1 30.9 66.3 6% 
Puerto Rico 
U.S. Great Lakes 18.7 1.8 4.4 24.9 2% U.S. Total 330-2 432.5 352.9 1115.6 89% 
Canaca 48.3 233 62.5 134.1 11% 
Grand Total 
North America 378.5 455.9 415.4 1249.8 100% 
WORLD PORTS: September 1974 
PROPOSED NORTH AMERICAN PORT
 
CAPITAL EXPENDITURES, 1972-77
 
(inmillions of $) 
Bulk, Region 
General Spec. Gen. Liquid Grand % Grand 
Region Cargo Cargo & Dry Total Total 
North Atlantic 119.4 230.0 58 335.2 20% 
South Atlantic 53.5 55.1 5.1 - 113.8 7% 
Gulf Coast 52.2 45.8 496.6 594.6 34%Pacfic Coast 77.5 220.0 71.5 368.0 21% 
Alaska, Hawaii, 22.3 7.6 5.7 35.7 3% 
Puerto Rico 
U.S. Great Lakes 7.4 4.0 5.8 173 2% 
U.S Total 332.3 561.7 59 5 1484 5 87% 
CEanada 36.0 113.5 51.1 2205 13% 
Grand Total 
North America 368.3 695.1 641.5 1705.0 10091 
WORLD PORTS: September 1974 
Figure 5.3 Port Capital Expenditure
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the Gulf Coast for bulk liquid and dry is purported to be for
 
the development of offshore ports in Louisiana and Texas; its
 
increment being totally for this purpose. The expenditures
 
indicated show a fairly constant value for general cargo,
 
an increase for specialized general cargo or container type
 
traffic and essentially a decline for bulk liquid and dry, if
 
the offshore port development funds are subtracted.
 
A generalization procedure has been selected which
 
seems appropriate both to the complexity of the problem and to
 
the magnitude of the benefits in particular those exclusive to
 
SEASAT.
 
Foreign ports have been excluded from this generaliza­
tion previously because of the differences in port and labor
 
contracts.
 
5.3.2 The Generalization Procedure
 
The benefits from ports and harbors do not seem to
 
be sufficiently significant to warrant in-depth attempts at
 
generalizing for individual ports or in attempting to estimate
 
very specifically the characteristics of the shipping arrivals
 
expected in these ports during 1985-2000.
 
It is proposed to generalize using the capital expen­
ditures as a basis, with the implicit assumption that during the
 
time period of interest the expenditures proposed up to 1977
 
will be operating at capacity. The projections of MARAD and
 
the explicit projections for Philadelphia will be used as a
 
controlling guide.
 
138 
The quoted capital e-xpenditures Are grouped as shown
 
in Table 5.11 to be relevant to the case study. It is proposed
 
to try to relate the purchasing power of the 1972-1977 capital
 
expeiditures to those of 1966-1972 by discounting them due to
 
inflation at about 4 percent per annum or for five years by
 
21.6 percent and to remove from the table the incremental
 
expenditures in the Gulf for offshore port development. This
 
process produces the results in Table 5.12.
 
The adjusted capital expenditures for 1966-1972 will
 
be assumed to be representative of the regional ports 1974
 
capacity. The expenditures during 1972-1977 will be assumed
 
to be representative of the 1985-2000 relative capacity. The
 
adjusted capital expenditures can then be normalized as a
 
relative port growth estimator as shown in Table 5.13. This
 
gives rise to the following growth factors in shipping for the
 
various port regions for the time period 1985-2000, as shown
 
in Table 5.14.
 
The national average growth factor is the arithmetic
 
mean of the regional growth factors and these are compared to
 
those developed separately for the ports of Philadelphia by the
 
Delaware River Port Authority. It is to be noted that the port
 
capital expenditures are not only relative to the import-export
 
trade but also to the domestic trade. Growth in domestic trades
 
does not appear to be as well documented as expected growth in
 
import-export trade. It is also noted that these capital
 
Time Period 

Atlantic 

Gulf 

Pacific 

Time Period 

Atlantic 

Gulf 

Pacific 

Table 5.11 Port Capita] IKxpenditures ($ million) 
(;.-In. 1Ca, ,) SpcJ, l] Izvd Ge'noril C'irqo lulk Liquid ',ji Dry Cirgo
 
1966-1972 1972-1977 196,,-1972 1972-1977 1966-1972 1972-1977
 
167.3 172.9 219.1 285.1 147.5 10.9
 
55.4 52.2 L9.0 45.8 107.3 496.6 
81.2 77.5 164.6 220.0 62.8 71.5
 
Table 5.12 Adjusted Capital Expenditures $ million) 
General Cargo Specialized General Caxgo Bulk Liquid and Dry Cargo
 
1966-1972 1972-1977 1966-1972 1972-1977 1966-1972 1972-1977
 
167.3 135.6 219.1 223.5 147.5 8.54
 
55.4 40.9 19.0 35.9 107.3 84.1
 
81.2 60.8 164.6 172.5 62.8 56.1
 
Table 5.13 Normalized PorL GrowLh Estimators 
Time Period 
General Cargo 
1974 1985-2000 
Specialized General Cargo 
1974 1985-2000 
Bulk Liquid and 
1974 
Dry Cargo 
1985-2000 
Atlantic 
Gulf 
Pacific 
1 
1 
1 
0.81 
0.74 
0.75 
1 
1 
1 
1.02 
1.89 
1.05 
1 
1 
1 
0.06 
0.78 
0.89 
Table 5.34 EsLimated Growth Factors (1985-2000) 
Genera] 
Cargo 
Specialized 
General 
Cargo 
Bulk 
Liquid and Dry 
Cargo 
Shipping 
Arrival 
Growth 
Atlantic 
Gulf 
Pacific 
National 
Average 
Philadelphia 
Ports 
18.1 
1.74 
1.75 
1.77 
1.38 
2.02 
2.89 
2.05 
2.32 
2.28 
1.06 
1.78 
1.89 
1.58 
1.42 
4.89 
6.41 
5.69 
5.67 
5.08 
0 
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expenditures do not include a great deal of private capital.
 
Since private wharfs, docks, etc., do not generally use ILA
 
labor, this is appropriate to this particular study. Further,
 
if these expenditures are almost all public, very little of
 
the bulk growth is due to oil movement. This is also per­
tinent to this problem. The question of the time lag between
 
capital expenditure expansion and the actual operational use of
 
the provided expansion is difficult to estimate. One support­
ing estimate will be offered. In the port of Boston in 1972,
 
59,642 containers were handled but the theoretical port capac­
ity at that time was estimated to be 140,000 containers.
 
According to the projections made for the port of Boston this
 
capacity would be actually utilized somewhere between 1980 and
 
1990 depending on the marketing success by the Massachusetts
 
Port Authority.
 
Shipping arrival growth to correspond with the
 
growth in transportation is shown in the right hand column of
 
Table 5.14. The national average relative to today's ship
 
arrivals shows a growth factor of 5.67. This factor is appro­
priate to the relativity needed in the generalization but in
 
actuality the number of ship arrivals will.be considerably
 
less. This will result from the expected increase in the ca­
pacity of individual ships. For example, the capacity of a
 
container ship may increase from 400 (teu) to 3000 (teu), a
 
factor of 7.5 which for container shipping would reduce the
 
number of container ship arrivals from a factor of 2.32 to a
 
representative factor of 0.31.
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The generalization of benefits will use the regional
 
growth factors developed in Table 5.14.
 
5.3.2.1 The Ports and Harbors Generalization
 
The 1974 benefit multipliers previously developed in
 
Table 5.7 are as follows:
 
Ship East Coast Gulf Coast 
 West Coast Major Port National
 
Type Equivalences Equivalences Equivalences Equivalences Equivalences
 
Breakbulk 4.074 4.841 2.216 
 11.121 12.278
 
Container 13.258 1.464 3.396 
 18.118 20.002
 
Dry Bulk 5.423 2.180 1.323 8.926 
 9.854
 
The proposed growth factors from Table 5.14 for the time period
 
1985-2000 are as follows:
 
Ship East Gulf West
 
Type Coast Coast Coast
 
Breakbulk 1.81 
 1.74 1.75
 
Container 2.02 2.89 
 2.05
 
Dry Bulk 1.06 1.78 
 1.89
 
Assuming that growth is regionally uniform these two tabulations
 
multiplied together at each array point will produce the benefit
 
multipliers for 1985-2000 shown in Table 5.15.
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Table 5.15 1985-2000 Benefit Multipliers
 
Ship East Ccast Gulf Coast Nlest Coast Major Port Natonal 
Type Equivalences Equival Equivalences Euvaences Equivalences 
B... Bbuik 7.374 8..33.7? 19.875 21.721
 
Container 26.'8J 4.231 6.962 37.974 41.923
 
Dry Bulk 5.748 3.880 
 2.500 2.128 13-389
 
Annual Benefit for 1985-2000 exclusive to SEASAT's data inte­
gration can be derived as in the case study and are shown in
 
Table 5.16 Both the maximum national avoidable losses and
 
the national benefits to shipowners from precipitation in the
 
nation's ports and harbors for 1985-2000 can be derived as in
 
the case study. These are presented in Tables 5.17 and 5.18
 
using figures previously developed for the ports of Philadelphia
 
and the estimated growth in shipping arrivals.
 
5.3.3 	 The Benefits to Shipping in Ports and
 
Harbors from SEASAT and Weather Forecasting
 
The movement and distribution of cargo by shipping,
 
to be as efficient as possible, requires the selection of the
 
most advantageous route for the shipping and the most efficient
 
employment of port and harbor facilities and services. The
 
objective throughout is to minimize avoidable losses or en­
forced 	idle time of the shipping involved. Idle time, in a
 
general sense, implies that the ship operation is not func­
tioning at its optimum or minimum cost level, so that the
 
Table 5.)6 1985-2000 Annual National Benefit to Ports and Harbors 
Incremental to SEASAT Data Iitegration 
Ship BREAKBULK Bl, AKBULK BREAKBULK 
OperAting 
costs 
$/aay 
Berthing 
Status 
Phila 
$ 
National 
$ 
Philc" 
$ 
National 
$ 
Phila 
$ 
National 
$ 
10000 working 3,418 74,243 2,50t 33,593 609 25,531 

10000 idle 3,256 70,724 2,23S 29,978 554 23,225 

1500 working 1,508 34,493 905 12,144 255 10,690 

1500 idle 1,413 30,692 63C. 8,515 200 8,385 

+42.4%
 
National Benefit Range due to port climatology veriation, _37.5%
 
are $1974.
 
Tablo 5.17 	 1985-2000 National Annual Maximum Avoidable Losses 
Owners from ProcipiLtation in Ports and Harbors 
TYPE OF SIIPPING
 
Ship 

Daily Ship Broakbulk Dry Bulk Container 

Opel.ang Bertling 

Costs $ Status $ $ $ 

10000 working '74,319,096 33,642,192 25,505,953 

10090 dle 70,664,538 29,998,804 23,227,857 

1500 working 31,615,975 12,207,715 10,692,880 

1500 idle 30,932,181 8,564,327 0,414,785 

+42.4% 
osse have a ange -37.5% due to climatology. 
$ are $1974.
 
I'xclusive and 
Range of 
1974
 
National
 
Benefit $
 
83,354 133,367 189,915
 
77,454 123,927 176,472
 
35,829 57,327 81,634
 
29,745 47,592 67,771
 
to Ship 
Nat onel 
Total
 
Annual
 
Maxmum $
 
133,467,24.1
 
123,891,199
 
57,516,570
 
47,911,293
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Table 5.18 
 1985-2000 Estimated National Annual Benefit to Ship Owners from Appropriately

Applied Weather Forecasting from all Sources, to Ports and Harbors
 
TYPE OF SHtPPING 
National 
Daily 
Operating 
Ship 
Berthing 
Breakbulk Dy Bulk Container Annual 
Benefit ) $ $ $ 
10000 working 27,489,106 12.451,015 9,440,856 49,380,S77 
10000 idle 26,137,365 11 102,595 8,597,645 45,837,605 
-00 working 12,803,744 4.518,093 3,958,990 21,280,827 
1500 adle 11,441,173 3.169,665 3,114,687 17,725,525 
+42.4% 
Beiefl I a range -37.g. due to ports climatology.hiave 

S ar $1974.
 
productivity of the capital and labor of the ship is 
not
 
maximized.
 
The structure of port and harbor services is such
 
that a ship owner can expect certain avoidable costs to arise,
 
which are essentially levied against his ships. The avoidable
 
costs, in this case study, which 
are the source of benefits,
 
are those associated with the forecasting of the occurrence
 
or nonoccurrence of precipitation in the port or harbor
 
More precisely they arise from forecasting errors, or from
 
lack of useful knowledge about precipitation.
 
To discuss benefits it will be assumed that a fore­
casting system exists, that its findings are adequately dis­
seminated to the ship owners who follow the forecast, that is,
 
they make 	decisions consonant with the forecast.
 
When forecasting is correct, that is, the conditions
 
forecasted are observed at the time forecasted, there are no
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avoidable costs; there may be unavoidable costs as a result of
 
enforced idle time for the shipping. These unavoidable costs
 
are a minimum constraint on the productivity of the capital
 
and labor of the shipping. The avoidable costs increase the
 
magnitude of this minimum constraint.
 
When no precipitation is forecasted and precipitation
 
is observed, labor called to service the ship at berth must be
 
paid under the guarantees of contractual agreement, even though
 
the labor performs no productive output because of the precipi­
tation.
 
When precipitation is forecasted and no precipitation
 
is observed, the ship at berth remains idle because no labor
 
has been called to service it. Thus the ship owner must pay
 
nonproductive or avoidable operating and dockage costs. He
 
may in addition have to pay premium rates for labor to turn
 
his ship around in an allotted time.
 
Reduction of these forecasting errors results in a
 
reduction of avoidable costs which constitute an apparent
 
benefit to the ship owners as a result of forecasting improve­
ments.
 
The consequent increment in productivity improvement
 
could result in a reduction in the price of shipping services,
 
uniformly for all shipping, so that society at large should be
 
a direct beneficiary as a result of incremental price reductions
 
in all goods that are shipped.
 
147
 
Alternatively it could be argued that shipping is a
 
patterned activity and local weather forecasting is a regional
 
patterned activity so that incremental differences in the price
 
of goods with respect to regions would become less pronounced,
 
again benefiting elements of society.
 
However, the gradual elimination of forecasting errors
 
implies that port and harbor labor is more and more compensated
 
precisely for productive work, a trend which ultimately results
 
in a reduction in labor's paid work week.
 
It seems reasonable to assume that labor will seek,
 
by contract, to obtain a fixed annual wage, possibly through
 
rules of compensation or royalty payments as has happened when
 
containerized cargo is handled.
 
In this manner longshore labor may become the bene­
ficiary of some benefits, rather than the shipowners. Labor's
 
precipitation days will, as it were, become for them paid
 
holidays. Those benefits arising from nonproductive costs paid
 
for ship operation and docking when precipitation is predicted
 
and is not observed, will still remain potential social
 
benefits.
 
If labor seeks, by contractual means, to eliminate
 
the influence of any improvement in weather forecasting on their
 
take home pay then labor-related avoidable losses will become
 
labor-related unavoidable losses. This transfer will result
 
from assumed incremental wages related to the degree of pre­
cipitation forecasting success which labor will demand.
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The expected avoidable loss equation will then change
 
from
 
EU = (l-p) 170/73 (CDW + C ) + 3/73 CL] 
to
 
EUL = (l-p) [70/73 (CDW + C)J. 
Hence 
 E	u L 70(C + CO0
 
u 70 (CDw + C ) + 3C L
 
The ratios EuL/E are tabulated in Table 5.19.
utu
 
Table 5.19 The Values of EuL/E 
Shipping 
Daily Shipping SHIPPING TYPE 
Operating Berthing 
Costs ($) Status Breakbulk Container Dry Bulk 
10000 working 0.7368 0.8786 0.9864 
10000 idle 0.7232 0.8667 0.9848 
1500 working 0.4350 0.7105 0.9625 
1500 idle 0.3601 0.6321 0.9466 
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These ratios,-operated on the SEASAT exclusive benefits, reduce
 
them as shown in Table 5.20 and Table 5.21 for 1974 and 1985­
2000. A column is added to indicate the percentage of benefits
 
lost to labor ldss exclusion. Similarily the 1985-2000 national
 
annual benefit from appropriately applied weather forecasting
 
is modified as shown in Table 5.22.
 
Table 5.20 SEASAT Exclusive National Benefits with Labor Losses Excluded
 
s ipPING TgVE Nationai 
Ship Anul Beei 
Barthing Breakbulk Dry Bulk toaier Benft $
. c $
s/aY $$ Reduct.on
 
20000 working 30,921 24,388 10,702 66,011 16.31 
10000 idle 28,911 21,728 9,604 60,243 17.61 
':OC worKing 8,481 8,603 4,910 21,994 34.42 
1500 ide 6,247 3,932 3,979 16,158 41.49 
Ben.Z-ts have & range 4274% based on ports climatnlogy.
 
All heneflts are n $1974.
 
Table 5.21 1985-2000 SEASAT Exclusive National Benefits with Labor Loss Excluded
 
S.np SHIPPING TYPE National
 
$perat,,q Ship Annual Bene:::
jC~ E,_th..g Brea~bulk Dy Buk Crtainer Benefit %
 
5/d Status S Reducton
 
15-Sb 40r~ing 54,702 33,131, 22,432 110,270 17.32 
iG309 51,148 29,522 20,129 100,799 16.67dle 

1501 4arKing 15,004 11,689 7,595 34,285 40.19
 
1509 idle 11,052 8,060 5,300 24,412 48.71
 
+42.4%
 
Eenefl s nave a range -37.5% ased on ports climatology,
 
All aene1its are in $1974. 
150
 
Table 5.22 1985-2000 Estimated National Annual Benefits 
to Ship Owners from
 
Appropriately Applied Weather Forecasting, with Labor Losses Excluded
 
Ship SHZPPIxG TYPE Nat-onal 
Operating 
Costs 
Ship 
Berthtng Breakbulk Dry Bulk Container 
Annual 
Benefit 
$/day Status $ $ s $ 
10000 working 20,253,973 12,281,6$1 82,947,36 40,30,390
 
10000 idle 18,902,542 10,933,835 74,515,79 37,287,956
 
5OO working 
 5,569,629 4,348,665 28,128.63 12.731,157
 
150 idle 4,119,966 3,000,404 19,687,94 90,891,64
 
The annual national benefits to port and harbors
 
during the time period 1985-2000 are distributed among the
 
ports as percentages from different types of shipping and as
 
accumulated totals as shown in Table 5.23.
 
Table 5.23 Benefit Distribution Amongst Ports
 
SHIPPING TYPE BENEFIT
 
Total
 
Breakbulk Container Dry Bulk Benefit
 
Port %
 
Philadelphia 4.64 0.92 2.00 7.56
 
Boston 0.68 
 0.99 0.23 1.90
 
NY/NJ 4.47 4.99 4.73 
 14.19
 
Baltimore 4.06 2.75 
 3.01 9.82
 
Hampton Roads 5.04 2.58 0.86 
 8.48
 
Houston 5.41 0.90 3.96 
 10.27
 
New Orleans 16.18 1.03 3.34 
 20.55
 
San Francisco 2.56 
 0.20 1.06 3.82
 
LA/LB 2.13 0.48 0.37 2.98
 
Seattle 3.31 
 1.86 0.90 6.07
 
Portland 1.95 
 0.64 2.37 4.96
 
Minor Ports 5.24 1.80 2.36 9.40
 
Total 
 55.67 19.14 25.19 100.00
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Table 5.24, identifies the actual benefits to
 
individual ports, both those exclusively from SEASAT data and
 
those from all forecasting sources.
 
The total benefits employed in this di'stribution are
 
taken from Tables 5.16 and 5.17.
 
These percentages are appropriate either for the
 
benefits resulting exclusively from SEASAT or for those
 
resulting from an appropriate application of weather fore­
casting to the meteorological phenomenon of significance to
 
port and harbor avoidable costs. The percentages are represen­
tative of the benefit distribution for working ships with daily
 
operating costs of $10,000 per day. Shipping with different
 
costs or berthing status would have somewhat different alloca­
tions of benefits.
 
Table 5.24 1905-2000 Annual National Benefit Distribution to 

SEASAT Exclusive Annual 

Benefit $ 

Port (all shipping) 

Philadelphia 10,083 

Boston 2,534 

New York/New Jersey 18,925 

Baltimore 13,097 

Hampton Roads 11,310 

Houston 13,697 

New Orleans 27,407 

San Francisco 5,095 

Los Angeles/Long Beach 3,974 

Seattle 8,095 

Portland 6,615 

Minor Ports 12,535 

TOTAL 133,367 

Ports and Harbors 
Annual Benefit From All 
Forecasting Sources $ 
(all shipping) 
10,090,123 
2,535,878 
18,939,002 
13,106,483 
11,318,022 
13,707,086 
27,427,518 
5,098,449 
3,977,324 
8,101,462. 
6,619,975 
12,545,919. 
133,467,241 
U1 
N) 
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APPENDIX A
 
A.1 	 Source Data
 
The following sources of data are collected here for
 
their general pertinency to U.S. ports and harbors rather than
 
for specific information that they contain.
 
Port of Los Angeles, 1974 Annual Report.
 
The American Association of Port Authorities Inc., 1974
 
Handbook.
 
The Philadelphia Maritime Exchange Inventory, 1974-1975.
 
Negotiated Agreements Between PMTA and ILA, 1968-1971.
 
Ameriports General Cargo Forecasts by Trade Route, 1975 and
 
1980.
 
Large Acreage Sites Available for Water-Related Industrial
 
Development, WTD DRPA.
 
International Waterborne Commerce (Ameriport), 1971 and
 
1973.
 
Forecast of Container Tonnage Through Ameriport, WTD DRPA.
 
New Container Facilities for Ameriport, C.E. Maguire Inc.
 
World Ports, September, October and December, 1974.
 
Boston Marine Guide, October 4, 1974.
 
MassPort Annual Report, 1974.
 
What the Port of Boston Contains for You.
 
Waterborne Commerce, Boston, 1973.
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Waterfront Commission of New York Harbor, Annual Report,
 
1973-1974.
 
Climatological Estimates of Clock Hour Rainfall Rates,
 
Technical Report 702, QWS USAF.
 
NWS Public Forecast Verification Summary, NWS, FCST, 16,
 
17,19,21.
 
Long Term Verification Trends of Forecasts, NOAA TM NWS
 
FCST-18.
 
Probability Verification Studies, Los Angeles, CRH,NWS,
 
Kansas City, Missouri.
 
Operations of NWS, November 1974.
 
Summary of Draft Report of the Panel on Weather and
 
Climate (NRC) .
 
Baltimore Cargo Statistics and Projections.
 
Foreign Trade Annual Report Ports, 1974.
 
Hampton Roads Maritime Association, Maritime Bulletin,
 
January 1975.
 
Foreign Trade During 1973 at the Ports of NY/NJ.
 
Selective Guide to Climatic Data Sources (Documentation),
 
DOC 1969.
 
Environmental Guide for U.S. Gulf Coast NOAA, November 1972.
 
Environmental Guide for U.S. Ports Observation Approvals,
 
NOAA, 1972.
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A.2 Data and Information Sources and Data Derivations
 
This appendix documents the data and information
 
acquired and the sources of the data and information. In addi­
tion, since the data acquired was not always in the form
 
required for this application, the data was manipulated. The
 
manipulations involved are also documented.
 
Each major port is treated separately.
 
Information and conjectures relating to weather
 
forecasting quality in the future were collected from various
 
members of the National Weather Service organization who, in
 
general, preferred not to be identified with the conjectures
 
made. A list of these individuals is provided.
 
Consultations on Weather Prediction, Trends, and Quality
 
Dr. William Klein 301 427-7745
 
Dr. John Brown 301 763-8005
 
Dr. Havermale 301 763-8056
 
Dr. Kikuro Miyakoda 609 452-6540
 
452-6500
 
Dr. Duane Cooley 301 427-7713
 
Dr. Alika 301 427-7768
 
Dr. Bob Glahn 301 427-7768
 
Dr. Alexander Sadowski 301 427-7713
 
Dr. Carlos Dunne 212 995-8616
 
Dr. Wassal 215 627-5575
 
Dr. Max Kazak 215 448-1000
 
Ports of Philadelphia, Pennsylvania
 
The weather data for 1974 was compiled from the
 
records of the Philadelphia Maritime Exchange (215 WA5-1522)
 
which were made available by William Harrison. This
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organization also provided the breakdowns of shipping in the
 
port and the statistics of the total number of ship arrivals
 
in all major ports up to 1973.
 
The data which described the number of longshore
 
gangs called in the ports on the days when.precipitation loss
 
occurred was supplied by James P. Traynor (215 922-7510)
 
from the call records of the Philadelphia Marine Trade
 
Association.
 
Data relating to the costs of longshore gangs was
 
provided, in confidence, by a principal stevedoring company in
 
the port of Philadelphia.
 
Projection data for traffic and tonnage in the ports
 
was provided by Nelson Bean and William Bennington of the
 
World Trade Division of the Delaware River Port Authority
 
(215 WA5-8780).
 
1974 Weather Statistics were provided by the
 
Philadelphia Airport Meteorological Station (215 365-0823) and
 
discussions with the Weather Bureau Service in Philadelphia
 
(215 MA7-5575).
 
Port of Boston, Massachusetts
 
The data for the Port of Boston was provided by Rino
 
Moriconi, statistician of the Massachusetts Port Authority
 
(617 482-2930) as follows:
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1974 Shipping Arrivals
 
Bulk 132 
Breakbulk 196 
Container (full) 276 
Tanker (oil) 633 
Passenger 24 
Others (repair, non-cargo discharge) 19 
Total 1,280
 
Ports of New York and New Jersey
 
The following data was provided by Mr. Filosa of the
 
New York Maritime Exchange (212 944-8360):
 
Bulk
 
Breakbulk 5,321
 
Container
 
Tanker 2,732
 
Passenger 319
 
Total 8,372
 
Since this data was not appropriate, 'it had to be manipulated
 
which required additional data.
 
The 1972 tonnages for NY/NJ showed 75 percent was bulk
 
cargo and 1973 tonnages showed 79 percent was bulk cargo. It was,
 
therefore, assumed that an average bulk cargo tonnage was 77 per­
cent of the total. (Data from Jerry Gilbert - Port Economist and
 
Amis Ilan - Trade Research & Analysis Economist 212 466-8685.)
 
The 1973 monthly and total shipping data for the ports
 
of Philadelphia provided the following breakdown of average net
 
registered tonnages.
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Overall average 10,248
 
Breakbulk 4,783
 
Container 7,951
 
Bulk 8,786
 
Tanker 15,470
 
Passenger 9,135
 
This breakdown data was used in combination with data concerning
 
the number of vessels in NY/NJ to derive an appropriate break­
down since 1974 tonnages were not available.
 
Total tonnage equivalent 85,796,256
 
8372 x 10248
 
Bulk at 77% average 66,063,117
 
Tanker Bulk
 
15470 x 2732 42,264,040
 
Dry Bulk = Bulk-Tanker 23,799,077
 
Number of 	dry bulk Ships (23,799,077) = 2,708
 
Therefore, number of breakbulk and container ships is
 
5321-2708 = 2,613.
 
Non-bulk tonnage 19,733,139
 
Passenger tonnage 2,914,065
 
Container & Breakbulk tonnage 16,819,074
 
Suppose there are X container ships, then
 
7951 x + (2613-X) 4783 = 16,819,074
 
i.e., X = 	1364 No. of containers
 
1249 No. of breakbulk
 
These results seemed reasonable giving a number of container
 
ships of the order of twice those of Hampton Roads and Baltimore
 
which are principal container ports in the United States.
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[Additional information was obtained that the port of
 
New York can handle 1200 containers in 24 hours. Breakbulk ships
 
require four or five days to unload.]
 
Port of Baltimore, Maryland
 
The following data was supplied by Miriam Bra-nnon,
 
Port Statistician (301 383-6878) and by Mr. Shandrowski.
 
Tankers 497
 
containers 770 
Dry cargo 3,696 remainder 5 2,926 
This data could not be manipulated using the procedure applied
 
to the data of the port of New York, in that it did not yield
 
consistent answers.
 
Additional data was obtained from W. C. Boyer (301
 
383-5780), the latest breakdown of Waterborne Commerce for the
 
port of Baltimore for the year 1971. From this data, using the
 
totals of foreign and domestic tonnages, the following ratios
 
were obtained:
 
Bulk Tanker General
 
58.4 28.9 12.7
 
4.60 2.28 1
 
It was then assumed that in 1974, based on tonnage, for Baltimore
 
Bulk 4.60 2.02
 
Tanker 2.28
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Using Philadelphia data relating to net registered
 
tonnage of the vessels arriving there
 
Tanker 15470
 
Dry Bulk 8786
 
From this, iz was inferred, that the number of bulk ships
 
required is given by
 
2.02 x 1.76 x 497 = 1764
 
where there are 497 tankers arriving in Baltimore in 1974.
 
The number of breakbulk ships required is then
 
2926 - 1764 = 1162. 
Port of Hampton Roads, Virginia
 
The following data was provided by John Hunter,
 
Jr., Director of Research for the Virginia Port Authority
 
(804 622-1671). It is from a compilation by the Virginia Port
 
Authority and the Virginia Pilot's Association.
 
Tankers 428
 
Colliers 814
 
Dry Bulk (other) 431
 
Breakbulk 1289
 
Passenger 28
 
Container 662
 
LASH 31
 
Combination Bulk & General 33
 
All other 218
 
TOTAL 3934
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In the shipping breakdown, the colliers were excluded from the
 
bulk shipping because they are owned by the railroads and use
 
railroad labor in their operations. The LASH vessels were
 
added to the breakbulk vessels because it was Mr. Hunter's
 
opinion that most of their cargo was breakbulk. The combina­
tion bulk and general cargo vessels were added to the bulk
 
vessels because, again, this was Mr. Hunter's opinion.
 
These adjustments gave the following breakdown of
 
vessels:
 
Tankers 428
 
Dry Bulk 464
 
Breakbulk 1320
 
Container 662
 
Passenger 28
 
Other 218
 
TOTAL 3120
 
Port of Houston, Texas
 
Data was initially supplied by Mr. Waterland of the
 
Port of Houston Authority (713 225-0671) as follows-:
 
Number of ships 4413
 
Total tonnage 83,897,448 short ton 
General 7,899,853 
Bulk 75,997,595 
No. of containers 116,381 20' equivalents (TEU) 
Waterborne Converce - Port of Baltimore - 1971 
Total 
Imports 
Foreign 
Exports 
CoaStwise 
Domestic 
Internal 
LOCAI 
T0ot4 
Gonral Cargo 
ZraIn 
44,002,7e5 
5,578,042 
707,229 
18,201,691 
2,207,754 
6 
6,474,738 
1,604,401 
612,120 
Pe oIpts 
5.417,590 
5'1,525 
Shipments 
1,511,948 
1,144,362 
63,696 
Rfocrints 
5,034,834 
-
30,405 
sh. ts 
2,07B,051 5,133,9 3 
Ore 9,520,012 9,519,872 140 - . -
Coal 9,425,620 -
Sugar 556,914 470,758 
Oil0Producto 12,742,393 2,698,504 
miscellaneous 5,472,565 3,376,797 
Source: Walter C. Boyer, Deputy Admnistrator 
ttarylard Deparment of Transportation 
3,435,042 
-
17,689 
725,346 
!.2,212 
4,8:.8,502 
!S,351 
9 
-
209,834 
94,047 
3,024,086 
-
1,675,682 
304,661 
-
25,944 
1,487,743 
563,362 
2,966,493 
-
1814,439 
353,001 
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No breakdown of shipping could be found, although the following
 
additional possible sources were contacted:
 
West Gulf Maritime Association. R. George Wiley (713
 
227-1429) who identified that there were 52 shipping
 
companies, five flag ships, 600 foreign flag ships and
 
35 stevedoring agents.
 
Houston Pilot's Association. Capt. Lightsee (713 645­
4174) who do not record vessel arrivals.
 
Marine Reporting Service. Karl Bond (713 222-0123) who
 
do not keep accumulated records, only day-by-day records.
 
Wi-th this data, the only breakdown possible was into container
 
and breakbulk traffic. A TEU was assumed equivalent to
 
8.4 tons of cargo. Hence, the container tonnage is
 
116 381 x 8.4 = 977,600 and the 
Breakbulk tonnage = 6,871,201. 
Recording these tonnages by the net registered tonnages for
 
these ship categories in Philadelphia, i.e., 7951 and 4783,
 
gave the following breakdown:
 
Breakbulk 1437
 
Containers 123
 
1560
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The number of tankers was then obtained from Mr. Moore, the
 
port of Houston's representative in New York, as 1610.
 
Thus the estimated breakdown was
 
Breakbulk & Dry Bulk 2608
 
Container 143
 
Tankers 1610
 
LASH (Barges only) 26
 
LASH (Barges & Containers) .26
 
TOTAL 4413
 
From the initial computation, the additional 23 containers
 
were subtracted from the breakbulk to give
 
Breakbulk 1417 
Container 143 
Tanker 1610 
Dry Bulk 1243 
TOTAL 4413
 
where the sum of breakbulk and dry bulk = 2660. The above
 
breakdown for break and dry bulk was, therefore, adjusted by
 
the ratio 2608/2660 = 0.9805 to give
 
Breakbulk 1389
 
Container 143
 
Tanker 1610
 
Dry Bulk 1219
 
4361
 
LASH (B) 26
 
LASH (B&C) 26
 
TOTAL 4413
 
The LASH were then allocated 39 to breakbulk and 13
 
to container to give
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Avr.u. YXAS 
"lrr.i"so r: (713) b72-SZQI 
E:xrct ;v, Ot-rctm, ] 19 2CAPP7OL P. 0. fUo Q 2 IfousxON T. 77001 
1 e.IhNfDE1b0N 
CONTROLLCR 
February 20, 1975
 
Hr. K. Hicks
 
Econ Incorporated
 
419 N. Harrison St.
 
Princeton, N. J. 08540
 
Dear Mr. Ricks: 
In response to our telecon yesterday, I submit the following
 
tabulation of ship arrivals at the Port of.Houston for the year
 
1974.
 
Break Bulk & Dry Bulk Ships 2,608 
Container " 143 
Lash (Barges Only) 26 
Lash (Barges & Containers) 26
 
Tankers 1,610
 
Tocal 4.413
 
I was not able to distinguish between Break Bulk and Dry Bulk Ships.
 
This would have required verification against a statement of cargo
 
for each vessel as many Dry Bulk Carriers transport Break Bulk
 
cargo. The contour of the vessel is not always indicative of the
 
cargo transported.
 
The distinction betueen Lash (Barges only) and Lash (Barges &
 
Containers) was shown to permit your consideration. The Delta Line
 
Lash ships also transport containers and handle the container to and
 
from the ship with ship's gear. 
Also, i submit for your consideration the following tabulation:
 
Lash Barges unloaded from or loaded to Mother Vessel at
 
Barbours Terminal Facility of Port of Hous-op.
 
Import 751 
Export 1.105 
1,856 
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Hr. K. Hicks 
Econ Incorporated
 
February 20, 1975
 
Page Two
 
Lash & Seabee Barges stuffed and/or stripped at
 
General Cargo Docks 2,082
 
Elco Elevator 78
 
Of these 2,160 barges, 967 barges were loaded or unloaded from the
 
mother vessel at locations other than our Barbours Terminal facility.
 
I hope that I have not confused you with this additional data. If
 
I can be of further assistance, please let me know. Also I repeat,
 
please let us have a copy of the study when it is released.
 
Vepr truly your</ 
K. enderson
 
J Controller 
JIH/vv
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Breakbulk 1428
 
Container 156
 
Tanker 1610
 
Dry Bulk 1219
 
TOTAL 4413
 
Port of New Orleans, Louisiana
 
Data for this port was provided by Mr. Kirby and
 
Pierre Reesh (504 522-2551). The only 1974 data available
 
was the total number of ships at 4865.
 
Data for 1973 was provided as follows:
 
Grain 567
 
Dry Bulk 443
 
Liquid Bulk 100
 
General 3814
 
TOTAL 4924
 
Total 1973 tonnage 136,000,000; general cargo tonnage
 
7,500,000. It was estimated that about 11 percent of this ton­
nage was container traffic, i.e., about 825,000 tons. Using
 
Philadelphia ship sizes, this results in 
104 container ships.
 
Thus, breakdowns for 1973 and 1974 are as follows:
 
1973 1974
 
Dry Bulk 1010 998
 
Tankers 100 
 99
 
Container 104 103
 
Breakbulk 3710 3665
 
TOTAL 4924 4865
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1973 based on the
where for 1974 the breakdown is a ratio for 

ratio of the number of ships.
 
1974 data was received from Mr. Kirby as follows
 
(March 5, 1975):
 
7,09,8,000
General Cargo \ bananas) 3375 
143 844,000Container 

LASH & CB (more general)
bulk "77 655,000 \ / (1,125,000) 
605 8,055,000
 
,than 

Grain 

225 1,613,000
Bulk Terminal (dry) 

354 no tonnage
Miscellaneous (including tankers) 

4779
TOTAL 

to give
 
Breakbulk 3452
 
Container 143
 
Dry Bulk 830
 
Other 354
 
TOTAL 4779
 
Port of San Francisco, California
 
Turnie Grinstead (415 391-8000), Port Traffic
 
Manager of the San Francisco Port Commission, was able to
 
supply only 1973 data.
 
However, Bob Langer at the San Francisco Marine
 
Exchange (415 982-7788), supplied the following data for
 
Golden Gate traffic for 1974.
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American Foreign
 
Flag Flag Total
 
Cargo 751 1666 2417
 
Passenger 54 51 105
 
Tanker 882 265 1147
 
Seagoing Barge 94 26 120
 
Military (MSC) 64 64
 
Tug 2 2
 
TOTAL 
 3855
 
Mr. Langer's quote was for 3870 ships and he had no explanation
 
for the difference. Hence, 3855 was used. There was a
 
similar discrepancy in the 1973 data ... 4465 ship arrivals
 
quoted, but only 4243 identified in the breakdown.
 
A breakdown of the number of cargo ships is required,
 
but no information was available either as ship percentages 
or
 
tonnages.
 
The Department of Commerce, Waterborne Commerce for
 
1972, identified for the port of San Francisco the following
 
breakdown by weight:
 
Import Export Total
 
Dry Cargo 6056 9410 15466
 
Tanker 16939 1991 18930
 
Thus, the 1972 data gives the ratio of dry cargo to wet cargo
 
as 45:55. This ratio was assumed to be carried through to
 
1974.
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To generate a reasonable breakdown, the data from
 
Philadelphia for net registered tonnage is again used, as
 
ratios
 
X Breakbulk 1 
Y Container 1.662 
Z Bulk (dry) 1.836 
T Tanker 3.233 
If X, Y, Z, T are the numbers of different ship types,
 
then for San Francisco
 
3.233 T E 3708.25
 
X + 1.662 Y + 1.836 A E 3033.35 
where T = 1147 
and X + Y + Z = 2417 
Thus, giving two basic equations
 
X + 1.662 Y 	+ 1.836 A = 3033.35
 
X + Y + Z = 2417
 
It is seen that tanker bulk is 55 percent of the
 
total tonnage. Dry bulk is added to tanker bulk to give the
 
bulk tonnage at any port. In general, for the U.S. ports as
 
an average, 	the total bulk is less than 90 percent, so that dry
 
bulk can be varied to give different breakdowns for cargo ships,
 
e.g., wet bulk cargo be 65 percent of the tonnage.
 
SIEPRODUCW ff OF TILE
 
(31INA-L pAGE 8 'Poop"
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Dry bulk is then ecuivalent to 10% of the tonnage
 
1.836 E 0.10 674.9 
i.e., Z = 368. 
Then, since
 
0.662 Y + 0.836 Z = 616.35 
Y = 466
 
X = 1583 
By varying bulk cargo percentage, the following
 
breakdowns can be generated:
 
Bulk cargo % 75 72.5 70 65 55
 
Breakbulk 1679 1655 1631 1583 1486
 
Container 3 120 235 466 931
 
Bulk (dry) 735 642 551 368 0
 
TOTAL 2417 2417 2417 2417 2417
 
The choice is quite arbitrary, since there is no
 
additional data available. The choice was made based on the
 
assumption that San Francisco port is a moderate container port
 
and the following breakdown was selected:
 
Breakbulk 1655
 
Container 120
 
Bulk (dry) 642.
 
It was then decided to add the 120 seagoing barges to the bulk
 
ships based on the opinion of Grinstead.
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Thus, the selected breakdown was as followst
 
Breakbulk 1655
 
Container 120
 
Dry Bulk 762
 
Tanker 1147
 
Passenger 105
 
Other 66.
 
Port of Portland, Oregon
 
Data was sought for the port of Portland, Portland
 
Harbor, and for shipping entering the Columbia River, since
 
this seems to be the reporting method that makes Portland into
 
a ma3or harbor.
 
From the port of Portland, comprehensive data was
 
supplied by Myrla Turner and Elaine Lycan of the Research
 
Department of the port of Portland (503 233-8331).
 
Received data Allocation Disposition
 
Breakbulk 364 4191
721
 
Ocean vessels 55 6 502
 
51 
Containers only 61 61)
 
Containers & bulk 10 + 5 5 191
 
Containers & breakbulk 197 1251
 
(more containers)
 
Tankers only 21
 
Tanker & breakbulk 1 225 22
 
Bulk (1 cargo only) 188 188 188
 
0 
Bulk & breakbulk 12 6 + 5 205
 
1
 
Bulk (2 cargoes) & 5 5
 
Bulk (2 cargoes) &
 
breakbulk 1 1
 
Seagoing Barges 5
 
Repairs 9 9 9
 
Stopped only 19 19 19
 
TOTAL 948
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The received data for the port of Portland was disposed as shown
 
to give the following breakdown:
 
Breakbulk 502
 
Container 191
 
Bulk 205
 
Tanker 22
 
Other 28
 
TOTAL 948
 
Candler Smith of the Portland Merchants Exchange
 
provided the following data about the total number of ships:
 
Entering Columbia River 1966
 
To Portland Harbor 1308,
 
Of the 360 additional ships entering Portland Harbor, Mr. Smith
 
estimated these all to be bulk carriers, 240 being tankers,
 
120 dry bulk.
 
Of the additional 658 ships entering the Columbia
 
River, 80 percent were estimated to be bulk carriers (grain,
 
wood, ships, logs and lumber), the remainder general cargo
 
not containerized.
 
The breakdown used in this study is, therefore, as
 
follows:
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Port of- Portland Columbia
 
Portland Harbor River Total
 
Breakbulk 502 132 634
 
Bulk 205 120 526 851
 
Container 191 
 191
 
Tanker 22 240 262
 
Other 28 28
 
TOTAL 948 360 658 1966
 
Port of Seattle, Washington
 
Data was received from Seattle from two sources.
 
Vac Breindl (206 587-4961), Assistant Director of Planning
 
and Research for the port of Seattle, forwarded the schedule
 
of sailings from Seattle as of February 1, 1975. To this he
 
added that 52 banana ships, 75 grain ships and 24 cement
 
gypsum ships sailed from Seattle but were not scheduled.
 
Otherwise, the port of Seattle kept no other data.
 
The Seattle Marine Exchange (206 447-7262) sent the
 
1973 Annual Report of vessel movements on Puget Sound. The 1974
 
Annual Report is not yet ready. Both documents are attached.
 
The data used is basically that of 1973 which is
 
broken down as follows:
 
Steam and Motor Commercial 2027
 
Tanker 292
 
Military (MSC) 12
 
TOTAL 2331
 
175 
Using the 1975 schedule for container traffic and
 
the telephone information that there should be more than 151
 
dry bulk ships, then by counting the monthly sailings on the
 
1975 schedule, the full container traffic/month was estimated
 
as follows:
 
Latin America none
 
ANZAC 2
 
Puerto Rico none
 
Hawaii 4
 
Alaska 15
 
Trans Pacific 19
 
UK, etc. 4
 
TOTAL 44
 
To give an annual container traffic of 528.
 
The 1975 schedule also indicates a considerable amount
 
of passenger service between Seattle and British Columbia.
 
The basic Philadelphia net registered tonnage data was
 
used together with the quoted 1973 net registered tonnage for
 
all vessels, except military vessels, of 17,915,920 tons.
 
Net Registered Tonnage 17,915,920
 
Tankers 292 x 15479 4,517,240 13,398,680
 
Container 528 x 7951 4,198,128 9,200,552
 
Suppose there are X, Y, Z breakbulk, dry bulk and
 
passenger ships, then,
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PORT OF SEATTLE FEBRUARY 1, 1975 
Tie to1lolfng siedule oPseling. from Seattle to Ports of the World Is ptsoared Y In. Trade OeVlopnt' Oipiinintof Por O andoteleastbi.t to 'heng. withou notice. REQUESTScal SPACESHOULDBEDIRECTEO TOTHEAGENTINDICATEO.
 
Port of Seattle Trad Oeruopmng office, 
 listed below, wilt giddy assisf you In any way tosilble: SEATTLE.p.O. Bae 1209, phone 3.;-1*25(Are. Code 208): SPOKANE.Old National Bank Bldg, phone Rlverside 7.,440 (Are. Code S09): WASHINGTON,D.C. Suite 803. 1301 K St N.W,phone 638.5600 (Area Code 2021:NEWYORKCITY,Suite 3447 On. World Trade Cente.l phone 432-9088 (*ea Code 212); CHICAGO,327 SouthLa S-e0 St. Phone 922.S*271(A.. Code 3T2). 
LATIN AMERICA 
SAILS (includingMxico. CentralAmerca. Cuba. Canbbean. Panama Cana East& Wesi Coasts of South Amereca)SEATTLE VESSEL LINE AGENT 	 PORTS OF CALL 
I I-Mantil Me.- Grancoronubiana Lane SO 	 San Jose do Guatemal. Acatut. Corinio. Puntarenas.Suen.aven urs. Guyaqu,.Mania 
6 - S Pironti Sarer Blue Sea Overseas 	 BaiboaPanama Cily, LaGuora. Puerto Coelo, Maracasbo10 Inca Tupac Yupanqui Con inia Peruana de Kerr 	 periwan pors
Vat ie$ 
13 S..n.er Watal-Larten Lane GS Panama. Be'esnquilta Puerto Cabolo Riodo Janero Sants. Riar ploteIs r-Sanra Megdalena'o PradenulaGrace Lanes PGL Manzanillo 9alboa. BarranouulitCaaagena. Curacao. LaGusia. Sic de Janeiro. 
Sans. Sueno Aires. Vaiptraiao23 'Cludad0o Sarranu it Gancoonacana Lire BG San Jose de Guatemala. Acalutla. Connin. Puntatenas luenaveniut. Guayacui.
23 	 ManiaPrudannasi Sesler PnuoeniilCracs tlmes PaL Acstutla COnnie. Busnaveniu~ra. Gusyaguil. Valoaraiso. Anitiaaaa. ito. Cattao25 r.M S Pheiamus sarber SB. Sea Overseas SalbcsjPananma City La.aGuatra.Puerto Cadde. Mare aaibo 
Mar. 
2 -C,udedO Tunis Grancolcmbana Line 8G 	 San Josade Guatemala AcayJeli.Co'ino. Punitarenas. S enaventurs. Ga.eyquit. 
Manta3 "-ni Los Sauces Aiginitne Line. TT Stenaventura Guayaqui. Called. Buenos Aires3 '-Santa MerceHdes' PrudtinakGtace Lanes PGL 	 Manzanilie. ACalutla. Salsee. Sarrnqui1ajCariagens. Cuecao. LaGuaira, Rt de 
Joanro Santos BuenosAires VatoaraioH.sange- Wesata!Larsn Lane CS Panama. Barranquilla Puerto Cabello. R;Odo Janeiro7 1-Ro Souana' Giancdlomogana Lana BG Santos RiwerPlat,San Jose de Guatemala Acahutta.Connee. Puntarenas.Suenavenura. Guayaqut.
Jan is 
9 Lloyd Curaba Lloyd Bresileiro <er Santo Rio de Janeirois Prudential Oceanlet' Prudenhal GraceLines sPGL 	 Acauria. Coruna. 3saensvsnaura. Guayaquii Vaiparsilo. Antofagasta. to. Malean. 
Calle 
Welington. Melbourne. Sydney. Brisbane. Tarawa 
Is 
19 
Cabo OeSanta Ma a 
r-Senta M.ana' 
LloydBraiieo 
Pudential Grace Lanes 
Kerr 
PGL 
San t.s,Rio de Janeno 
Mananilio. Bal oa SaannuilsCstagrena. Curacco LauGsi'. Rio do Janeo. 
22 
25 
r'M S Parm 
'Manuel M s' 
Ba.er Stut Sea 
Grancotomiana Lane 
Oversees 
sG 
Sonic Buen.osAre Vi.ae.i.so 
SalboaPanama City. LaGuira. Puerto Cabello.Maracalo 
San Jose 0e Guatemala Acalutla Conno. Puntaenas. Buenaventura. Guayaqu.il 
25 Fauseanger Wetlal-Laraen Lane GS MantaPanama. SsrA-uIla, Puerto Cabelto.Rio de Janeiro. SanltoS Rtr Plate 
AUSTRALIA, NEW ZEALAND & SOUTH SEAS 
Fen3 &Columous Canada' (C) Columbus Lane Bakke Auckland 
10 -Bagn Sakke Knutsen Lane Sakk 	 FRemantl20 r-Laship Australia sear' Pacii Far EastLate IS Page Page Auckland Melbourne Tasmania. Sydney.Bnabane. L1. Sabsul. Anewa 
BayIS '-JIlkera' Pacific Austratia Gs Melbourne. Sydney. Bnalsne 
Oirect Line19 r-Cetumbua Calftornie' IC) Cctuous LaneU kk AucKland. Wellington Melbourie Sydney. rnsbane. Tarawa23 r-0te Bakke Knutsen Lane Sakke 	 eremantle25 r-Uatip Golden Bear' Pacific Far East Lane iS 	 Pago Page Auckland Melbourne, Tasmania Sydney Brisbane. Las,Ressul. Anea 
Bay 
Mar B r'Maritla akkue Knutsen Line Bakke Preanle 
9 -Columbus Cap.corn' Columbus Line Bakke 	 AucklandWelingon, Melbourne.,Syduney bOniaeTarawa10 r-IboanIe' Pacific Islands Gs 	 Papeene. Pag, Page. Ape
"Transo Lane 
is r-Allunga' laticAustra.la as Melbourne. Adelaide Sydney. risbmane 
Cirect Line23 r.aam China Ear FPact,Par EastL'ne IS Page Page.Auckland, Melbourne. Tasmama. Syaney Basane La. SeAut. Anewa 
Say25 r-Lloyd Sfacks Knutsen Line Sakke 	 Fremanile 
26 r-Oilkai' Pacific Au1.ausiaral GS Melbourne A041tueSydney. 
Direct Line 
rst.nlgeratredsace r4-uiy refrigeraed ''on inlducement 
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INTERCOASTAL and PUERTO RICO - TRAILERSHIP SERVICE 
SAILS
 
SEATTLE VESSEL LINE AGENT PORTS OF CALL
 
SeeLsnd Seide Inc Agent: Sea-sInd - SI. Phone" 7 600 
VRIFY OERVICE tSALNGCASAAND Saln 

WTH LOCALSEA-AND OFFIE I SI SL 'Balboa Panama. San Juan., Kingston and Elizabeli. NJ
 
- wAI Puerto Ri1co. St and Sr Crone, Virgin IlandsWeasels accapt crgo to San Juan. Pon. Mayenuar. Moma 
HAWAII 
MATSON NIGATION COMPANY I S oC) Honolulu 
Feb I.a.n. I r'Haw a ()Io ut, 
(0)-Conta.nerVensel rsioltated d -. on-Connssnerneerab'eCargo Only i-Nerghbortnood Island Containers Connect with Princess atSlaca fonOtih 
NORTHLAND MARINE LINES 
Feb 8 [ Fontana (C) [Honolulu 
AFRICA 
Feb. I/ 
edilloyd Kingston NedoloydLUne CaPeown. Pont Elizabeth. Durban. Seit. langs. Momasa 
Mar.I 
M1212 1 NeIod1Nei~y LnesIyr i  IeciCCaeiowr. Pont Elianoth. Durban. Seira.Tangs, Monnunsaa 
ALASKA
 
ALASKA YIOROTRAiN 
Feb 1 Hydroitln I Anchorage" Feb 15 Hydrotren Ancorage r. I Hydrolraii Anchorage" Mar. Hydrol... Andhotage 
5 Hydrolanm Ardcisotaga' I Hydrotraln Ancorage' S Hydolrain Ancorage' 10 Hydnolain Anchorage' 
12 Hydrornnm AnAorag&a
 
I 4ydro rain Anchorage' 22 Hydnotrain Anchorage' a Hydotraim A inchorage
 12 
'ydnoirain Anclorage' 28 Hydrotran Anconoage' 
-Fairbanks. Cordova Valdas. and Intrmediate poins lreighnIorardtd tO other interior wn'otornots oa refglt or air.Saiings Wednesday andSaru "'a/ 
FOSS ALASKA LINES 
Feb 6 Vanliner .07 Ictoikan'. Wrangeli, Pelersbur. Juneau. Mar 8 Vanlner511 KeichkanWrangel. Peleasung. Juneau 
Hmen". lm y Skagway. Siks'­ka"Slks" ames. 
I3 Vanmner L08 Ketlhikmn. Wrangell. Peteri r. Juneau 13 Vanlhner 512 Ketctkan' wrngsil. Peterdurg. Juneau 
Hames". Skagway. 5t1 Names". Skagway.Silks . 
20 VanilneI 509 Ketchkan'. Wrangell Petersburg. Juneau. 20 Vaniiner 513 Kecnian'. Wrangeal. Peteraburg. Juneau 
Haines". , hanes'- Skagway,agwalks"' Siks" 
27 Vaniner 510 Kelchikan' Wrangell. Petersburg. Juneau 27 Vanline 514 Ketcilkan' Wrangel. Peiersburg. Juneau 
Haies'. S'agway. Slsa'- Hainest. Sk.agay. Slks" 
Maaaa yin Keckan RECEIVE FREIGHT Terminal 115 
. Skagway va saines 6100 W. Marginal Way S W 
-" - MAt aecumoeva inske (VenSl sail ever TUroday) Siante. WA 8105 
NORTHiA&D MARINE LINES 5e
 
Feb 6 Container Barge Juneau Mar 5 Conainer Barge Juneau. Maine,
 
I- Container Sne Juneau, es 12 Continer Sorge Juneau
tI 

,4 Container Sange Valde . Seward Kodial 1I Contaier Barge Juneau. Namea
 
Contaner Sarg Juneau 20 Container Barge Anchorage
 
25 Container Bare Juneau Container are Juneauhl
 
Container Barge Seward.Vaides
 
Sauiingaa ety Wednesday Relngerahton to Juneau only Conalmer andBreak Ilk 
SEA'LANSSERVICE
 
Feo. I A Vessel 1.3 (C) Anchonage, Kodiak Adak. Capt. Say Mar I A Vessel 1.3 (C) Anchorage'. Kodiak. Adak Cat Say.
 
Ounce am,5orSend Point Send Poine
 
4 A Vessel (C) Anchorage A Vessel (C) Anchorage'

6 AVessel (C) Anchorage' 6 A Vesel (C) AnChorage'
 
8 AVessel (C) Anchorage'. Kodiak S A Vessel 1 (C) Anchorage' Kodiak
 
Ii A Venel (C) Anchorage' 11 A Vessel (C Ancorage'

13 AVessel (C) Anchorage' 13 A Vessel (C) Anora.ge'
 
25 A Vessel1. (C) Kodiak. Adak Caot. Say, Sand Point I5 A Vessel (C) Anchorage'. Kodiak
 
ia A Veasai (C) Anoragn" I AVese (C) Ancorage'
 
20 A Veasel (C) Anchorage' 20 A Vesse (C) Anchorage'
 
22 A Vessel 1.2 (C) Anchorage'. Kodiak. Corona 22 AVeSsel (C) Anchorage', Kodiak
 
25 A Vessel (C) Anchorage' 25 A Vessel (C) Anchorage' 
27 AVenal (C) Anchorage' 27 A Vessel (C) Anchorage' 
29 A Vessel 1.23 (C) Anchorage'. Kodak. Adak Cordo 
'i.rrni eal saanraiir,nn~
 
kIl.eii.drtnaeaamn,i an- 1~ 'eIn ihiJ,tn.-m.'tinntm d.' r, I

(c'cnnnir . ..... .. 
tttiid I.. ei i .- , sact ee i 3Caaseit asau ~. ae~ ,. 5i 
anie eol a. c seenS im, ems 3 e5O.mriaeo imn .'e'.... 
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TRANSPACIFIC 
(Japan Far East)SAILS 
"-EATTLE VESSEL LINE AGENT PORTS OF CALL 
Feb 
2 t-Jalamodhan Scund.a Stea. TNC Hong Kong. Manila Singapore Madras Bombay 
2 -EL Furnace Sea-LandServoce SL Yokonsmarroyo KoociOsaka. Hong Kong. Busan.Incheon. Kaohsiung. keeung. 
Saigon Manila. Singaor
 
3 -Hotaka Maw (C) xl See Be2w nOSec slow Kobe.Nagoya.,Yokohama
 
r-Washington Mail (C) American Mail tne AML Yokohama. Nagoya. Kobe Susan. Hong Kong. Kaohsiung. Kealung
 
5 Ganiza Tisadass Fesco Pacifo Line PIP Tokyo
 
6 n-Lona$Gate Brdge (C) xt See Below X2Sea Slow Kobe. Nagoya Tokyo
 
OrenUl Amiga (C) Orient Overseas Line Soid Yokohama. Hong Kong. KeeluIg. Kaohsiung 
r-SL Commerce (C) Sea-LandServce SL Yokohamsfrokyo. Ko.b.Osaka. Hong Kong. Susan. Incheon. Kachatung. Keelung. 
Singapore Saigon 
9 r-Say Sedge (Cn ', LinIPACFE Kerr Susan Hong Kong
 
10 -Ragna Bakke Kntsen tne Bakke Hong K(n00 Mania Singapore
 
12 ,-OegonMail(C) American Mail Lne AML Yokohama. Nagoya. Kobe. Susan. Hong Kong. Kaoihsiung. Keelung
 
52 Pskoy (C) Feso Pacific Lne PIP Tokyo Kob%Hong Kong
 
12 Indian Mad American Mail Line AML Susan. Incmaon. Japan poets
 
13 .Seeishu iSSe nOSa Seiow Kobe Nagoya. Yokohama
Maru (C) Bemw 

13 Mikhtm Kuli Feso Paific Lane PIF Sing.apore. Bangkok. Port KeLang

-16 cS. Trade (C) Sea-Land Serice SL Yokcnamaitokyo, KobeeOiaka Hong Keng. Susan. Inchean. Kaoshiung. Keelung. 
Saigon. Manila. Singapore
17 n-Alaska Manna(C) Ai See Belw s2Ste S1o Kote. Nagoya. Tokyo 
17 r.Hoegh Orchid Hoe'" Lne TT Sigapore., Karachi. OubadAbu Ohabi. SanreaVriammas. Kuwantihorransmahsh 
18 n-Hawii States tine States Hong Kong Manila- Saigoni gangko 
Is AlisherNaoi Feaco Patiie Line PIF Tokyo Yokohama. Kobe 
19 rPhilippme Mail (C) Amecican lai. tne AML Yokonama. Nagoya. Kobe.Susan Hong Kong. Kaonsiung. Keelung
T20 -Atlan Phoenix (C) Phoenx ContainerLne K.er Osaka Shmizu. okyo. Susan Keelung, Hong Kong Singapore 
21 n-Hong Kong Mail American Mail Lin. AML Susan InCheon,.eelung. Penang. Port Kelang. Singapore Kaohsiung

2_ r-v.&hshAmtasin SCatine NL Madras,Coan. Bombay
 
23 n-Golden Arrow (C) 1 Sa. 6eaw 2 Set Bets,9 Kobe Nagoya. Yokohama
 
23 r-SL Galloway (C) Sea-Land Service SL Yokohaa.Tekyo Kooe-OsaXa. Hong Kong. Susan. lacocon. Kaohsiung. Kaeung. 
Manila. Saion Singaore
 
23 n-llen Bakke Knutsen Line Sake Hong Kong Manila. Singapoe
 
24 .- K"L,.nePAC Kerr Susan.
Harbour and,.(C) Hong Kong 
25 i-M M can, States Line Statas Manila. Saigon Bangoo. Hong Kong
 
29 i-Japan Mail (C) AmericanMil te AML Yoohama Nagoya Kobe. Susan Hong Kong Kaohsiung. Keelung
 
27 Nikolaf Karamin" Fesco Psotic Line PIF Bangkok. Fern Kelang. Peang. Belawan, Singapore
 
27 -Hlkaw. Mart (C) X1SeeBelaw .2 She Be" Kobe Nagoya Tokyo
 
as paifig Phonia (C) Ph.mIn.,Carliner Line Kerr Osaka. Snimizu. Tokyo. Susan. Keelung. Hong Kong. Si.gao.
 
Mgr
2 r-ELExchange (C) Sea-Land Service SL YokohmsaJToKyo KobecOsaka.Hong Kong, Susan, Itcheon. Kaohsiung. Keelung. 
Saion ManilaSingotor
 
3 nHotka Ma, (C) Il Sic Below .2 S Bla Koo. ,NagoyaYokonam
 
3 Pervomaysk (C) Fesco Pacific Line PIP - Tokyo. Kobe Hong Kong
 
5 r-Wvnington Mail (C) AmerinanMal In ANIL Yoeoiana. Nagoya Kobe. Susan. Hong Kong. KaOsitUng. Keelung
 
5 r-LeonaGale Bridge (C) at See elt. sOSee eow Koe Nagoya. Tokyo
 
7 r-vmsva Shiona ScI Une NL Singapore Bombay. Cooshn.Madras. Calcurta
 
a rMa, Sakke Sakk. Hang Kong, Mania. Singapore
Ln Knusen Line 

9 n-TowerSndge (C) - K'LnelPACFE Kern Susan. Fen; Kong
 
9 Hong Kong Success[C) Orient overseas Line Eckert YoKohtama. Koo. Hong Kong.Keelung
 
B -SL inonce (C) Sea-Land Service SL YokohamsfTokyo Kobelsaka. Hong Kong. Susan. Incneon.Kaohsung. Keelung. 
Manila Singapore Saigon
 
12 n-OregonMail (C) Amernan Mai tine AML Yokohama Nagoya <age Susan Hong Kong. Kaonung. Keet ng
 
12 Pravdinik (C) Faceo Paci ic Line PIP Tokyo Kobe Hang,ong
 
12 -Hoegh Pride Hoeg Line TT Jakarta Singapore. DuoaIAbu Ohabi Bantel/Oanman. Kiwai/Khrnrattsnanr 
13 r-Seihu Marti(C) at See Belt. sZSeaBalow Kobe Nagoya Yokonama 
14 Anton Chekoel Feso pacific tine PIl Singaore Bangke. PortKslang 
14 r .. Sltes tine State Manila Bangkuk Hong Konginglon.was Sasin 
is r-eL Connbee (C) Sea-LaneSorvie SL YokohamraToivoo Kooecasaka Hong Kong. Susan. Incleon. Kachoiung. Keelung, 
Saigon Manila. Singapore 
17 r-Alaska Mars (C) xl Spea'" XOSt 81. Kobe Nagoya T.,.yo 
19 r-Philinpne Mail (C) AmencatMaildLine AMI. Yokohama. Nagoya Kose. Susan. Hong Kong. Kaohsiung. Keetung 
25 -ELTrade (C) Sea-LandSeice St. Yokuhamafl.oiyo KO..Osaka Hong Kong Susin. Innon. Konsi.ug. Keelari. 
Manila Singapore Saigon 
icon nsnuedi 
- On Inducement- - Refngerated Space C - Full Container Service
 
as - Japan Line K - Line Yamashiea-Shinninon Line. Mit-.O S K Lin. NYK Line. Snos Line
 
.2 - JapanUne Japan (USA). Ld: K tine. <err Yamatshita-Shinlhon Une I S. M,.suiO S K ..ne. W0: N.Y.K. Line. Mason. Shows tne Olympic
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21 r-Atlnt'c Phoenix (C) Phoenix Container Uina Kerr Osaka Shimicia.TokyoSusan, Keelung. Hong Kong9.Singapore
 
23 r.Golden Arrow (C) at SeteIshs- xZSteseltw Kobe Nagoya. Yokohama
 
M
24 r.Auencan Ma American Mail Line A L Susan. Incheon. Keelung. Saigon. Hong Kong. Kaohsiung
 
24 Jalansoti Scmdia Steam TNC Hong Kong,Manila SMgaporeMaras Calcutta
 
Z4 r-OayOnoge (C) X!-LrMiPACFE Kerr Susan. ang Kong
 
25 r-Uoyd Sakbe Kniuiae tn Baks Hong Kong, Manila Singapore
 
26 r-K.ren Mail AmendanMail Line AMIL Susan. Incheon Keelung. Peang. Por Kelag. Singapore. Kiahalung 
26 r-Japan Mil (C) AmerCan Mail tne AML Yokohama.Nagoya,Kobe. Susan. Hong Kong. Kaohsiung, Keelung 
27 rHiklawa Maru (C) at SeeSea xZSeaBen. Kohe, Nagoya, Tokyo 
29 r.PacsficPhoenix (C) Phoenix ContaHinerti. Kerr Osaka. Shlmiau. Tokyo. Susan. Keeung.,Hong Kong. Singanar. 
30 Pundet(C) Feaco Paolic Ln PIF Tokyo. Kobe HongKong 
30 r-SL Galloway (C) Sea-LandSteri SL YokohanalTokyo. KobelOsala. Hong Kong. Susan. Incheon Kaohsiung. Keelung. 
Saigon. Manila Singapore 
UNITED KINGDOM & CONTINENT 
(Incladet Medtranean) 
SAILS 
SEArTLE VESSEL LINE AGENT PORTS OF CALL 
FeD 
5 rSuffarn Suro-Pacflo line SO LeHavre, Polerdam. Anierp. Hut.Hamburiigremen 
7 r.Magaret Johnson (C) Johnson ScaDSta, OS LiverpooI, LeHave Antwerp. Rollerdam. London Gothenbtrg.Coponhagen,Glasgow. 
HamburgBaremen 
1S r*AxeilJonso. (C) Johnson ScanStar aS 	 LeHaV,. Antwerp. Rotterdam. London. Gotlenburg. Copenhagen. Glasgow
Hainoiarni rensen 
20 r-Wefilaila eair.Poilflc line SO LeHavre.Rolterdam. Antwerp Hull Hamour sremen 
21 r.Fasna (C) JOhson Scan/Star GS Liverpool. LeHasre. Antwerp Rotterdam London. Gothenburg. Copenhagen. 
Glasgow.Hmltiurgl1remen 
25 -AntotaJohnson (C) Johrson ScandStar GS LeHavre. Antwerp. Rotterdam. London. Gothenourg. Copenhagen, Glasgow. 
Hssourgiorene 
Mar. 
3 ikaros' Hanseatc.Vsaa Lit WO LeHavre. Anwer. Rotterdam, Bremen. Hamburg.Helsinki 
7 r.C.iornlt Star (C) Johnson ScarSlur OS Liverpool. LeHavreAntwerp. Rolterdam. London Gothenburg. Copenhagen 
Glasgow Haloursremen 
11 -OaReco Italian Une OS Nasles. Leghorn.Genoa. Marseille. Valencia. Cecil. Barcelona 
12 r.San Francisco (C) Joson ScaruStar aS Lexasre. A twerp. Rotterdam London. Gothenburg. Copenagen Glasgow.Hsitibog/SremTen 
12 r-Failcon Euro-Pacic tine 5 LeHavre, Rollerdan Antwarp. HamburgtBranmen 
21 t-Meona (C) Johnson ScarJStar GS LIverpoo, Leeaare Antwerp. Rotterdam. London GotltenburgCopenhagen Glasgow. 
HadmluS reien 
24 Gor.anka United YugolaclUne Kerr Triese Rxia Pius, Beirut 
25 r-Aubta. EuroPciile G .eHaWeRollerdam. Antwerp Hambudrgirenten 
25 r.AnmieJohnson (C) Jolnson Scan/Slur OS LeHavre. Antwerp. Rotterdam. London. Gothenburg. Copenhagen. Glasgow. 
Hanurgtprmen 
BRITISH COLUMBIA 
Servce to and from Bnots Columbia Pont 
BLACK SALL TRANSPORT. INC - Pier 30. Seattle. Wash 98134 622.2222 - MV "Ccho- Oally servce to Vitona B C 
CANACIANPACIFICRAILWAY aC Coastal scribe - Pier 64 Seattle. Wash 989121682-5222 - Oaly passenger and auto service to Vicorna. SC. eill be 
rasumed May Iand Conlinue hrougi October 31.1974 
FOSS LAUNCH & TUG CO - 660West Ewing Street. Seattle. Wash 98119 282-1210 - Twice weekly car-arge servace toNorth Vancouver. C 
PUGETSOUNO FREIGHT UNES - 3720 Airport Way S Sealte, 'Wash 98 34. 623-100- Sadings Fridaysto Powell River and Vancouver Sauihngs Mondays 
to Vancouver Island points 
SEASPAN INTERNAIONAL.LTD - 1102 S.W. Massacisusests Seattlt Wash 98134. 682-60- Railcar-barge service o Vi0ctra and North Vancouver. 8 C 
AIR CARGO CARRIERS 
AIR CANADA AiRlNS - Qo07- AiMSN ttie...Maeio . T AIflT 55 -- rat iiAlraoc*Oeuiie Wa.r. 55:55S -W a3.1'7r 
S - tan 'ACSRICW8515SN AIRLISOS I Alooro 91158 -SASKA IRLINEA Sei.ta¢nlI Ac  Scaille Mast, Stitt - a)3329 - tea.rae Inl Scae|at3*9w0aW s, 

SRA~MPIe'LSAIRWAYS -e-Tse ullAirt Satl. Wai SSeat-tl33e509 PAw AIIS0ICAM WORLO AIRWAYS- Sesiti. Wan. 68t81--00.4alaAve
433 5.SO 
CONTIMEITAL AIR LINES - Se*Tat Intl Airts Seaille Wean tils-4)-5189 SCA CINAVIANAIRLINESSyS7V - Sea TaCilAirort Scaiie Wasn a158-43 S1t 
Ef.STE AIRLINES - sepsrta.tlt IAail Scatne . 182 - 5335003 UNiTED .ixiSi1S - Sea.Tat I iiA-iaon Seattle Wea.t e - 43 4d0 
FLYNGITIGER UNE -S- ra t tie wann St - 33 5581 .SOTEe AIRw.ISC - Sca.ta¢tnli Ailtiri Scuac Wa0l1 9855ls- a3p-a00
 
HUGHESMAiWEST - Sea.TaIntl AIroIN Sealtie Was 9l a 333033
 
KEY TO SEATTLE STEAMSHIP AGENTS 
HNdttHaicsI. Ss 3781 Sat.ITt2i- -05t ...... .. U S( ai $ .AlT. Alasa O - j o e I ., 2120 pai Slopl ists.. . ;32p
AMN -. banAbirHeHNwlySysier' Pir4S Se~le@St0t 623191-0 AIc- Ii Stesvinli CMit -. ,. AM. SCalie 9815-8. 3.20 
.L . -Ailiita VNaiMl et lola.V8tit 1 0a Saiilatsoi .2951 9 I i Nso an last41 Coinaar' W2 hlire Ate Stair. SIN p~ -iAS -,Alusa$.2eai$inma o PmSr4? earle- 3 . . a 1a -NoIron Llarv C.- SInise Sesaiie 580A - ­bacanSiate oosrmu ur an$nssOlOI 0230930 
a G - aco oon.... sates 99'A .3i 0  - Oisi Sinitienia Cs '0 Statue 9110 5 -520 
bask- Cauitnssi .. 590u MtML.-*anlba .tanuicetna= 453u4't Sai ean~e r0 ... 4303 
SAM.taa,ne Lt.II aid, 04 M IWO Steer. Av. 

SiRA- A t. oA-c 0 en3C~il An...53i craes - dvwN .... C.a Sena S-1.e E1101 ..
AnesonS. 	 eSei ms. Ti.-e . 82.433C S - CJACtde Smisaig C. rosinsBOI Statu. 95.04 . t22-3 -iF - Pa tternlanal Fteier 11 Mae.lt sq Searlte 0 ., i23-5394 
E.e, ( 56101 1P Ave Siale 40DOW- ¢tccer$ca. i ncp C It1 Sextile Toer Seilit . 24 I.. L - Prolenlai*rGse LAAie 20 .- 3 45104 
F1t1-FolaaIMIre 10 53.4Co. scaIi c.. - .--..-- .- at - Sea tAirSe-eta,evice0M innt . ae S = 1O057 	 - o .1 tes s
Fes Lusi led as -	 tai81i04IsLa - S Iao Co .IsatE..s S AI. 991t, tat to Slates Ste S ealwiko Camion -1iS hSontoA.oc NI N2o -10. 
F C.-FrgAur C ou1 ,coseate lo? .. A 7 ScN,-Hxnx tisC..ist s .09n. S-ueIi-11 - ciitinIOeinr 5lHI 121i.0 -	 . lid,W O I.yAgasC.I ltall'8 eo W. i irocl. vn,414.4*f9-Fin enneIdaSm, ina.0?s - M cstrtt nC.SbMrnS; 
, i. WaS ni tsosiaiqn 015 alimesa'.IS - isuemlssa SM.,iae Cetios 91 M.atsonClo.M 9ast ...-. i2j.5511 k - vMcnSoM At.Mse MI . :23 Zr'9 
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215 Columia St., Seatdo, WA 98104 
1973 ANMIA L RCP0RT C 
VESSEL MN0IrMT. 0'1 , .,LTUT 
ARRIVALS 
CO.: r~CIAL - M.S.C.­
'EAR NUWWCER CHARGE NET REG!SFRO CA':GE :USER NET REGISTERED 
,956 
957 
95i 
!959 
WAG 
A1 
1962 
1953 
1964 
3965 
1966 
1967 
1968 
;969 
1970 
1971 
197Z 
1973 
1848 
1829 
20,9 
2141 
2278 
21SS 
2119 
20-P 
2064 
2154 
2312 
2478 
2427 
2417 
2452 
1759 
2215 
2319 
(2) 
2 
8 
5 
6 
(4) 
(3) 
(1) 
(2) 
4 
7 
7 
(2) 
(4) 
2 
(29) 
26 
4 
8,655,132 
8,714,281 
9,836,926 
10,548,203 
11,287,593 
10,607.874 
10,441,829 
10,754,109 
10,955,684 
11,968,373 
12,979,677 
13,947,802" 
14,151,947 
14,487,839 
14,660,942 
11,368.562 
15,803,803 
17,915,920 
- (1) 
2 
13 
7 
7 
(5) 
(2) 
3 
Z 
10 
"(15) 
(51) 
36 
2 
1 
(22) 
39 
13 
209 
214 
123 
130 
59 
48 
38 
48 
26 
5q 
39 
19 
26 
27 
17 
50 
26 
12 
-. 1 .302,954 
1,242,131 
891,215 
747.552 
287,323 
226,543 
137,856 
186,318 
120,230 
298,729 
- 188,116 
84,447 
125,803 
-114,639 
76,953 
229,338 
-127,723 
59,680 
1973 TOTAL ARRIVALS 2331 
1973 TOTAL NET oECISTERED TOf'IAGE 17,975.600 
SAILIGS 
YEAR NLU33R %CrIA.GE NET REGISTERED %CXA8IGENIIIBER RET REGISTERED 
1956 
,1957 
1958 
1865 
188 
2023 
(1)
1 
7 
8,561,666 
8.707,921 
9.724,572 
2 
12 
222 
200 
130 
" 1,308,210 
1,148,264 
913,a53 
t-59 
50 
1961 
1962 
1963 
1954 
1935 
1yi5
19571 
1913 
19J9 
1,10 
1Mil 
1972 
1973 
-
2133 
2272 
2171 
21:\ 
'093 
055 
2142 
23"4 
2469 
2144 
2399 
24703 
1740 
2127 
2324 
5 
7 
(C 2 
(3)
(1) 
(2) 
4 
7 
7 
(1) 
(2) 
(30) 
22 
9 
10,524,727 
11,231,826 
10,552,565 
10,194,132 
10.763,003 
10,972,841 
11,869,322 
12,948,633, 
14,020,851 
14,109,781 
14,306,566 
14,696,701 
11,220,181 
15,801,579 
17,93/,473 
8 
7 
(6) 
(2)
4 
2 
8 
(17) 
(54) 
44 
1 
3 
(2a) 
41 
14 
108 
59 
47 
39 
48 
26 
65 
39 
18 
26 
- 26 
15 
49 
-29 
11 
743,716 
287,005 
204,365 
150,377
186,493 
115,800 
332,646 
189t11 
8t8,i 
125,803 
114,552 
56,755 
233,909 
121-,779 
50,436' 
1973 TOTAL SAILI1.GS 2335 
1973 TOTAL NET REG[SIERtU TONAGE 17.987,939 
AVERAGE SIZE OF CG0.123RCIAL VESSELS 
IN :ET REGISTERED TO':S(;:.S.C. not included) 
YEAR TO :S CHNAG:, 
19M8 6?08 2 
1969 5099 (2k) 
1970 5954 17 
1971 
1972 
1973 
6463 
7134 
7725 
9 
10 
0 
-R-PRODUCBOLlTY OF TH' 
MQMAL PAGE 1S POOR 
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1973 PC:.UAL REPORT -Vessel Vaovci.tts 
ARRI VALS 
AREA FROA FLAG STE:X YOTOR . TANKER. OTTAL': 
ORIENT America, 111 6 117 
Britisil 38 2 40 
Chinese 4 4 
Cypru% 
Danisn 
I 
2 
1 
2 
outcn 1 I 
French 1 1 
German 13 13 
Greek 31 31 
Indan 3 3 
Irlsi 3 3 
Japanese 312 . - 3 31£ 
Korean 8 
Liberian 241 
fLonvegian 83 3 
Pakistan 
Panamanian 
1 
S3 
1 
54 
Somalia 1 1 
Slngapor- S 5 
Russian 35 - 35 
Taiwan 1 1 
Yugoslavian 8 8 
CENTRAL AND American 25 1 26 
SOUTH A!EqCA Argentine 
Belgiu. 
4 
3 
4' 
.", 
Brazilian 8 8 
Britisn 11. 13 
Color.'bian 6 "5. 
1,trh 19 1 20 
Ecuacor 2 2-
Gernan 11 11 
Greek "6 1 7 
Honduras 2 2 
Indian . 2 2 
Japanese 
Libgrian 
2-
3 6 
2 
9 
Norw$egian 
Pakistan 
22 
I 
1 23 
l 
Panar,:aenian I I 
Peru - 9 
Philipoine I I 
Soralia 
Swedish 
1 
5 
1:S.-; 
Yugoslavia 2 2 
:ZGETERRAEAN British 1 1 
French 1 1 
Indian 
Italian 
1 
16 
,. 
16 
Liberian 2 -2 
Noniegian 8 8 
Panamanian I I 
Yugoslavian 1 1 
ASIA, SOUTH A-LD 
EAST AFRICA American 104 1 105 
British 3 1 4 
Chinese 4 4 
Cyprus 1 1 
182 
,cuS!c-t
IRI 

AREA FRYX 	 FLAG 3TEMAIS .OTOR TA KER.- TOTAL--
ASIA. SOUTHAND 
EAST AFRICA (cant.) Ojtch I5 
-
1 
7Greek 1 
Indian V - Z4 
Italian 2 2. 
Iran I 1 
Japanese 4 61 
4
 
Korean 
 6 

Liberia, 2 is 14 - 2__31 
Rontegian 12 -- 12" 
Pakistan 1 3 4 
Pananamt an 1 122Phihppne 
Singapore 21 21 
Yugoslavian 2 2 
246.
 
UNITED KI;GOONI 	 Bri tish 25 25
 
Danish 14 14:
 
Dutch 13 13.
 
Franca 10 10
 
German 13 13
 
Greek 1 1
 
Irish 1 1
 
Liberian 3 3
 
Non.egi an 	 21 21" 
.li
 
Singapore lI:- 1-

Swedish -31 31
 
Russian 	 I 

.
 
PACIFIC ISL/40S American 9 9"
 
AUSTIPLASIA AiD 
Austra Iian -1 	 1. 
British 27 27 
Cyprus a 2 
Danish l " I. 
Dutch 2 2 
CGe~ln 16 -15 
Inc an 1 1 
Jaoanese 3 3 
Liberian 8 8 
Norwegian 4 4. 
Singapore 2 2 
Swedish 5 
•80
 
"40
 
Gcra,n 1 1
 
Japanese 1
 
Liberian 1 1
 
Panamanian 	 .1 1
 
HAt2AIIAN iSLAOS-	 Merican 40 

;,LASI 	 Arerican 115 84 14 203"
 
British 1 1-;
 
Indian 1 '.-"
 
Japanese 4 4 "
 
Liberian 1 1
 
183 
I9/J A:,,,dL RaPQt'r- V " "e ;.,,,,..-: -; 
ARRIVALS (Cent.) 
AREA FRO'l FLAG STEKN 
INTERCOASTAL & GULF American 20 
Greek 

Liberian 

Nortegian
Stzdlsn 

COASTUISE k:erican - 104 
Argent;ne 
rttsn 2 
Canadia, 
Chges 
Colo bian 
Dutch 
Danish 
German 
Greek 
Indian 
Japanese 
Liberian 
Norvegian
Panamanian 
. 
1 
Philippine 
Swedisn 
Yugoslavian 
SUMMARYOF ARRIVALS 
C0U.TRY NET REGISTERED TO.W::AGE STEAM 
Anerican 6,579,318 528 

Argentine 39,422 

Australian -,7,134 

Belgium 7,689 

Urazilian 13,525 

British 1,086,045 2 

Canadian 5,865 

Chinese 47 

Colcxoian7 
Cyprus 23,934 

Danish 170,379 

Outch 287,683 

Ecuador 4,212 

French 55,205 

"Geman 309,834 

Greek 336,238 1 

hor'uras 5,252 

r .- z, 
Iran 3,C5 
Irish 31,450 
Italian 182,281
Japanese 2,534,966 

Korean 76,933 

Liberian 2,769,636 2 

Norwegian 1,192,751 
Pakistan 30,084 1 
Paramianian 452,047 2 

Peru 50,974 

Philippine 23,835 

Pussian 197,271 

Singapore 228,763 

ScaIia 11,178 

Ssedish 409,213 

Taiwan 6,108 

YLgoslavian 98,091 
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RENT Drriih,Cooa it l 
- 90rcan .36 ..3:2 9>­338 
Chinese 
Danish 
Dutch 2 
Ge0 
Gre. 25 
10 
2S 
Indian 
Japanse 
Kbrean 
6 
3-1 
S 
-4-
6, 
" 325' 
S 
Lioerian 240 240 
Norteg1e0n 
Panamanian 
57. 
48 
57 
48 
Pakistan 1 1 
Philippine 
Russian 
1 
38 
- I 
3p 
Singapore 5 5. 
Swedish 
Taiwan 1 
, 
- V 
Vugoslayian 6 6 
CEITAL ANO 
SOUTH AtERICAN 
Atrlcan 
Argentina, 
Belgium 
Brazilian 
27 
6 
3 
8 
27 
6 
3 
8 
British 11 - 3 14 
Colostian 6 
Danish 34. 3 
Dutch 19 2 21 
French I I 
Genan '13 13 
Greek 6 
honduras z 
Indian - 4 4-, 
Italian 1 
"orear, 
Liberian 
I 
3 7 IC 
Vorwagian 
Per. 
Philippine 
23 
3 
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3 
1 
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Stedish 5 5 
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Italian 17 17 
iberir 
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British 9 
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Chinese 
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Dutch 
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22 
2 
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German 5 5 -
Greek 
Irdian 
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19 
is 
19" 
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Korean 4 4 
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Nortegian 
3 2r 
34 
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ASIA, SOUTH AND 
EAST AFRICA 
(Cont.) Pakistan 
Panamanian 
Philippine 
Singapore
S..edish 
Yugoslavian 
I 
10 
2 
17 
I 
1 
2 " 
10 
-1 
1 
1 
M07 
J K,,TiD.C.. British 
Danish 
Dutch 
Frefch 
Genran 
Greek 
Indian 
Irish 
Liberi an 
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Swedish 
28 
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13 
11 
19 
I 
I 
3 
2 
27 
33 
28 
14 
"13 
11 
19 
I­
1 
3 
2 
-27" 
33 
AUSTRALASIA '"M' 
PCIFIC ISLM.OS American 
Australian 
British 
Cyprus 
Danish 
Csnnar. 
Liberian 
!ornegian 
Pakistan , 
Panaan an -
10 
1 
20 
2 
1 
11 
6 
5 
. 1-. 
1 
10 
1 
20 
.2 
1 
11 
.6 
.-S" 
-. • 
HAWAII., ISLANDS American 40 4 44 
ALASKA American 
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Pakistan 
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1 
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1 
23 216 1 
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1 
1 
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Nonr.cgin
Oanaanian 
Peru 
Singapore 
Sc.-ala 
Swedish 
Yugoslavia., 
-
S 
6 
1 
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COUNfTRY M:ETREGItlSRED TOIGE ST!A'1 'GTOR TANKER TOTAL 
Aaerican 
Agentine 
Australian 
Oe,1qu'r 
8razI iaid 
S-,tissh 
CanacLalt 
Cnnesc 
Colorbia:, 
Cyprus 
O .ish 
Dutch 
Ecuador 
French 
,eran 
Greek 
Honduras 
Indian 
Iran 
Irish 
Itliar 
Japanebe 
Krear. 
Liberian 
Moniegian0
akistan 
Panaqanian 
Peru 
Philippine 
Russian 
Sinqapore 
So.alIa 
Sweoisn 
Tan.an 
Yugoslavian 
TOTAL 
M.S.C. 
GRAND TOT4L 
"6,732,023 
32500 
7,134 
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194,517. 
11,178 
388,559 
6,108 
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17,937,473 
50,436 
l 7,909 
526 
1 
1 
3 
531 
531-
79 
6 
1 
3 
8 
117 
-12 
7, 
3 
20 
56 
2 
12 
59 
50 
2 
32 
1 
4 
21 
333 
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4783 X + 8786 Y + 9135 Z - 9,200,552 
X + Y + Z = 1499 
or
 
4003 Y + 4352 Z = 2,030,835
 
or
 
Y + Z = 486
 
X = 1013 
Y > 151 
Z < 335
 
Arbitrarily, put X 	= 302, Z = 184, then , for the tonnages,
 
Tanker 292 X 15470 = 4517240 > 13,398,680 
Container 528 X 7951 = 4198128 --- 9,200,552 
Breakbulk 1013 X 4783 = 4845179 -+- 4,355,373 
Bulk 302 X 8786 = 2653372 )1, 1,702,001 
Passenger 184 X 9135 = 1680840 - 21,161 
It was decided to add
 
1 Breakbulk 4783
 
2 Bulk 	 17572
 
22355
 
21161
 
1194.
 
Thus, the breakdown chosen was
 
Breakbulk 1014
 
Container 528
 
Dry Bulk 304
 
Tanker 292
 
Passenger 184
 
Other 12
 
TOTAL 2334,
 
188 
This increases the number of ships by three, but approximates
 
the tonnage.
 
Port of Long Beach, California
 
Data was supplied by the port in the following letter.
 
The data was combined with that of the port of
 
Los Angeles as follows for the port.
 
Los Angeles Long Beach LA/LB
 
Breakbulk 1,522 910 2,432
 
Container 508 508
 
Dry Bulk 150 320 470
 
Tanker 806 936 1,742
 
Passenger 193 193
 
Other 357 357
 
Total 3,028 2,674 5,702
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BOX 570 5EACH A or ONE5: (Z13) 77S-3G -ON CaLIFOANt - T LtI 437-0041 - (213) 69 * TELEX 65-645Z PORTOSEACH LOB 
arch.7, 1975 
Econ, Inc. 
419 "orLh Harrison St.
 
Princeton, New Jersey 08540
 
Atzentio-: r. Kenneth Hicks
 
Staff Systems Scientist
 
Gentlemen:
 
This is in renly to your letter of February 25, 1975 by which data on
 
the total number of ship arrtvals and breakdoin of cargo carrying
 
categories was requested.
 
The following shows the number of ships by commodity breahdotn and the 
total tonnage for each category for the fiscal year 1973-7A. (July l,
 
1973 through June 30, 1974);
 
Total
 
Liquid Dry Container Breakbulk (Vessels)
Commodity Bull., Bulk & R0-R0* General All Car;go
 
No. of Ships 936 320 508 910 
 2,674
 
Tonnage in 
Revenue Tons 17,891,265 
 4,988,218 3,961,486 2,944,762 29,785)731
 
e'0-.O traffic consists wmainlv of automobiles. Tonnage for this category
 
w-as 123,643 tons. General R'O-RO is scheduled to start later this year.
 
Large tra fic consists of lumber, newsprint, liquid bulk and dry bulk.
 
Thc greater percentage being lumber and nevsprint categorized as genera:.
 
cargo.
 
L....C-Ssngeis neg--obl. 
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Loon, Inc. 
.- arch 7, 1975 - Pans Two 
Projections of port tonnage and traffic beyond 1985 would be greatly 
4nzluenced by a number of factors beyond our control. inflation, the 
high cost ot money, food and raw material shortages along with the 
developing recession and environmental pressures, can completely change 
a.y projections made at this time. It should be noted, however, that 
port tonnage has increased almost 150 per cent in the past ten years. 
We trust the foregoing will be helpful in your study.
 
T. J. Thorley
 
General 'Manager
 
z-t--Selters 
Director of Port Operations 
